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ABSTRACT
THE SYNTHESIS AND STEREOCHEMISTRY OF 
SOME NITROGEN HETEROCYCLES
by
DAVID ALLAN WALSH
In order to investigate the consequences of intra­
molecular charge transfer interactions on inversion about 
nitrogen, a number of nitrogen heterocyclic systems was 
synthesized and studied, A series of 2-benzyl-l,2,3»4- 
tetrahydroisoquinolines were prepared and an intramolecular 
charge transfer band was observed in the uv spectrum of
2-(2',6*-dichlorobenzyi)-6,7-dimethoxy-l,2,3,4-tetrahydro­
isoquinoline,
A series of 3,4-dihydro-l,3»2H-benzoxazines were 
synthesized. No intramolecular charge transfer could be 
observed for this ring systemi however, a novel rearrange­
ment to the [4H]-l-oxa-3-azonia-2-boratanaphthalene ring 
system occurred when the benzoxazines were treated with 
diborane•
xiv
An improved synthesis of pavinane alkaloids was 
developed using high dilution techniques. Several pavinane 
analogs were synthesized and these analogs had no observable 
intramolecular charge transfer bands in their uv spectra. 
Protonation of the pavinane alkaloids gave two isomers. It 
was determined from the nmr and uv spectra of the proton 
salts that the conformation in which the aryl nitrogen sub­
stituent was in a face-to-face orientation with the aromatic 
groups of the pavinane ring system was unfavored.
xv
INTRODUCTION
A molecule that contains a tricoordinate atom 
whose stable position is not within the plane de­
fined by the three atoms directly bonded to it may, 
in principle, exist in two conceptually distinct 
conformations which are related by a transposition 
of the tricoordinate atom from one side of the 
plane to the other side. Such a molecule is des­
cribed as being pyramidal, and pyramidal inversion 
is defined as any process that effects the inter­
conversion of the two conformations•1
The inversion of the nitrogen pyramid in amines is 
well known. Classically, it proceeds via a coplanar arrange­
ment of groups about the nitrogen center by a change in the
o 2
hybridization of the nitrogen atom from sp-' to sp . Non-
classically, inversion can occur by quantum mechanical tun-
o
neling. In practice, however, tunneling is an important 
consideration only when at least one of the atoms bound to 
nitrogen is hydrogen or deuterium. This process becomes 
increasingly unlikely as the mass of the substituents on the 
nitrogen increases.
Barriers to this pyramidal inversion in tertiary 
amines may be considered as useful probes for understanding 
structural effects in organic molecules. Although the in­
version rate of the two trigonal forms of a tertiary amine 
is too rapid to be detected by chemical means, the process 
may be slowed down by severed methodsi a) by including the 
nitrogen in a strained cyclic systemi b) by linking electro­
negative heteroatoms to the nitrogen atom} c) by protonating 
the nitrogen to give a saltj d) and by cooling the system 
sufficiently to permit detection of inversion. Once inver­
sion has been slowed, the rate of inversion can be measured
1
2by physical methods, usually nuclear magnetic resonance 
spectroscopy (nmr).
The inversion barrier is much higher in aziridines3 
and azetidines3a than in the unstrained pyrrolidines and 
homopiperidines.36 In the planar transition state, the nit­
rogen is sp3-hybridized so that the bond angle must increase 
to 120° during the inversion. When the nitrogen is incorpo­
rated in a small ring, however, the necessary increase in 
bond angle is hindered.
Steric acceleration of the rate of inversion in N- 
alkylaziridines has been confirmed by several studies.3d,3e»^»5 
Barriers of inversion of aziridines decrease in the order of 
increasing steric requirement of the substituent on nitrogent 
CH3 < C2H5 < i-C3H? «  t-C4H9.3e»5
Electronegative substituents also slow inversion at 
nitrogen. The effects of heteroatomic substitution and angu­
lar constraint on the barrier to inversion are compounded in 
N-haloaziridines, and in some cases invertomers have been 
separated.1. This "hetero effect” could have two causesi a) 
as the electronegativity of the substituents increases, so 
does the s character of the lone pair of electrons on the 
nitrogen,6 with the result that the energy difference for 
the transition state increasest b) the transition state is 
destabilized by the mutual repulsion of the lone pairs of 
electrons on the nitrogen and on the hetero atom. The inver­
sion barrier in 1^ was large enough = 23*5 kcal/mol) to
be measured by direct kinetics.^
Unsaturated substituents strongly depress the
inversion barrier* During inversion* the hybridization of 
the bonding orbitals may be qualitatively regarded as chang-
o 2
ing from sp^ to sp * and that of the lone pair of electrons 
from sp^ to p. Any factor which favors the rehybridization 
process such as n delocalization of the lone pair, tends to 
flatten the pyramid and thus to lower the barrier to inver­
sion. This effect rationalizes the observation that an 
adjacent aryl group lowers the barrier to inversion at ni-
Q
trogen, presumably by a conjugative mechanism.
When nitrogen is protonated, the barrier to inversion 
is greatly increased. In order for inversion to occur, the 
sp^ hybridized nitrogen must rehybridize through a planar 
transition state. The energy required for this process is 
much larger for a protonated nitrogen than for the unpro- 
tonated form. The two signals for the nitrogen substituent 
have been observed by nmr for many tertiary methyl amines in 
acidic media.^
Saunders and Yamada*0 studied the rate of nitrogen 
inversion in dibenzylmethylamine (2) by introducing competi­
tive equilibration of salt formation with a proton. These
4authors found that the rate of loss of a proton from the salt 
to the solvent or to the amine was more rapid than the inver­
sion of the configuration of the amine nitrogen. Simmons 
and Park* * have shown that the conformational isomers of the 
salts of macrobicyclic diamines with bridgehead nitrogen 
atoms could be isolated and showed a definite stability in 
aqueous media at room temperature. These results promised 
the possibility of the detection of two diastereomeric proton 
salts of tertiary amines which would differ only in the con­
figuration of the nitrogen ifi a) protonation of the terti­
ary amine produces the stereoisomers in a ratio different 
from the thermodynamic or equilibrium mixturei bj the free 
energy difference between the two isomers is sufficiently 
small for detectable amounts of both isomers to exist at 
equilibrium) and c) the isomers differ in some property which
provides a probe for investigation of the mixture.
12Lyle and Ellefson were the first to provide an 
example of two diastereomeric ammonium salts which differ 
only in configuration of the nitrogen and are stable in solu­
tion at room temperature. They isolated two stable isomers 
of 3-phenyltropidine hydrobromide (2)»
+ +
2k
5Bushweller and O'Neil determined^ the barrier to 
inversion in unprotonated dibenzylmethylamine (2) to be 6,0 + 
0,5 kcal/mol. By cooling 2 to -1^6° using chloroethylene as 
solvent, they observed an AB quartet for the benzyl signal in 
the nmr spectrum, thus indicating slow inversion about nitro­
gen, Lambert*^ also used this method to determine the barri­
ers to inversion in N-methylpyrrolidine (4) and N-methylhomo- 
piperidine (£).
ch3 ch3
± £
The objective of this thesis was to design specific 
chemical systems to study inversion about nitrogen in order 
to answer conformational questions not readily approachable 
by other methods.
One question under consideration was whether or not 
intramolecular charge transfer interactions could influence 
the energy barrier of nitrogen inversion, Gribble1^ has 
found in certain 7-azabenzonorbornadienes (6) that below 
the coalescence temperature, the invertomer that is favored 
has the nitrogen lone pair of electrons over the electron 
deficient aromatic ring. He suggests that there is an intra­
molecular charge transfer interaction or n-complex between 
the nitrogen lone pair and the aromatic ring in the most
6favored conformer (6a). This is in accord with electronic 
interactions but not with a steric effect.
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Molecular structures can be designed which contain an 
effective electron-donor site in one part of the molecule 
while in another part of the same molecule a potential 
electron-acceptor site exists. In the absence of a conjugated 
pathway between these two sites, interaction between them may 
still occur if the molecule can assume a conformation so that 
there is a finite overlap between the highest filled orbital 
of the donor moiety and the lowest unfilled orbital of the
acceptor moiety. Charge transfer interactions have been ex-
14 1 *5tensively reviewed, and various reports ^ have been given of
optical absorptions which have been assigned to intramolecular, 
across space, charge transfer transitions between a neutral 
electron donor and a neutral electron acceptor. These absorp­
tions usually occur at longer wavelength. The fact that the 
absorption obeys Beer's law provides good evidence that they 
are the result of intramolecular interactions rather than 
head-to-tail intermolecular interactions between the donor 
site of one molecule and the acceptor site of another molecule.
7Viel1^ observed an intramolecular charge transfer band 
in the fluorescence spectra of 2-(chlorobenzyl)-6,7-dimethoxy- 
1*2,3,^-tetrahydroIsoquinolines (£)• For this thesis a series 
of 2-benzyl-l,2,3,4-tetrahydroisoquinolines was prepared to 
determine the structural requirements for intramolecular 
charge transfer to be observed in the ultraviolet (uv) absorp­
tion spectra.
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Another series of compounds related to 2 that was 
studied for possible intramolecular charge transfer complex 
formation is the 3»^-dihydro-l,3,2H-benzoxazines (8).
8
Compounds of type 8 were first synthesized by Burke*?
and later studied extensively for their potential anti-cancer
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properties by Kuehne. This series was of interest since it 
possesses hetero atoms which are in a 1,3 relationship. Con­
formations in which unshared electron pairs on non-adjacent 
atoms are parallel (Figure 1) are highly disfavored because 
of dipole-dipole repulsions. This phenomenon has been termed
8the "rabbit-ear effect".1^6 The effect should add stability 
to the conformation with the nitrogen substituent axial and 
perhaps enhance charge transfer interactions in 8.
Figure 1* Rabbit-Ear Effect.
The last system that was studied in this thesis is 
related to an alkaloid, pavine (£)• When the unripe seed 
capsule of the opium poppy, Papaver somniferum, is cut, a 
viscous liquid is exuded. After the exudate dries and dark­
ens on exposure to air, a hard but still partly sticky mass 
is obtained. This is the crude opium which has been used
for many centuries by some for medicinal purposes and by
20others to smoke in their pipes. The pharmacologically ac­
tive constituents of opium have been employed in medicine 
for hundreds of years as a mixture in the form of a highly 
colored tincture or as the purified component morphine alka­
loids. For this reason there has been tremendous progress 
in the investigation of the alkaloids of the plant family,
Papaveraceae. This family consists of about 700 species
21which are classified in approximately fifty genera.
Table I lists the naturally occurring pavine derivatives.
Goldschraiedt22 first reported the synthesis of 
pavine by the reduction of papaverine (JLl) with tin and
9TABLE I
Naturally Occurring Pavine Derivatives
a c
Compound Substituent Trivial Name
2_..JL_ 7 8 9 1?
10a 0CH3 o c h3 H OCH3 OCH3 CH3 Argemonine
10b OH 0CH3 H OCH3 OCH3 CH3 Norargemonine
10c 0CH3 o h H OCH3 OCH3 CH3 Isonorargemonine
lOd OH OH H OCH3 OCH3 CH3 Bisnorargemonine
lOe 2 OH and 2 OCH3 CH3 Rotundine
lOf o -c h2-o H 0.c h2i"° CH3 Eschscholtzine
lOg o-c h2-o H o-c h2r° (c h3)2 Californidine
10b o-c h2-o H OCH3 OCH3 CH3 Eschscholtzidine
lOi o-c h2-o H OCH3 OH CH3 Caryachine
10j o c h3 OH OH OCH3 H CH3 Munitagine
10k 3 OCH^ and 1 OH H CH3 Platycerine
101 o c h3 o c h3 o c h3 OCH3 H CH3 O-Methylplatycerine
10
hydrochloric acid, although the structure of £  was not estab­
lished at that time. Schopf2^ suggested structure £ for
24pavine and Battersby and Binks confirmed the structure by
,0CHSn
HC1 ^  CH-Oks^ OCHOCH
ocri
11 2
synthesis and degradation. It was then shown D* that
argemonine (10a) had the structure N-methylpavine. This was
of special interest since argemonine was the first natural
representative of a structural class which had been known
previously only as an artifact.
27Shavel has defined a "missing alkaloid system" as 
a ring system, considered derivable through biogenetic proc­
esses, which has not as yet been observed in natural products. 
Thus, N-methylpavine could have been considered to be a rep­
resentative of a "missing alkaloid system" when it was first 
synthesized.
Other examples of this ring system that have been
synthesized to date are the parent compound (12) synthesized
28by Dyke, and the indolopavine derivatives (1£) synthesized 
27 2bby Shavel. '• 7 Pavine alkaloids have been shown to be ac­
tive anti tussive,^0 antifungal,2^ and CNS2^ agents.
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It can be readily seen from Table I that extensions 
of the "argemonine" nomenclature quickly become cumbersome. 
Soine^ has suggested that it is appropriate to introduce a 
new type of nomenclature for this ring system. Accordingly, 
it was proposed that the term "pavinane" with the numbering 
indicated in ljO be adopted for the tetracyclic ring system 
characteristic of these alkaloids.
Syntheses of pavinanes by acid catalyzed cyclizations
of 1-benzyl-1,2-dihydroisoquinolines using the classical reac-
oL
tion conditions are highly unpredictable. Many studies of 
this reaction have shown that in the presence of acids 1,2- 
dihydroisoquinolines may undergo disproportionation, polymeri­
zation, and/or rearrangement to yield 3-benzyl-3»i<'-dihydro- 
isoquinolinium compounds, which then undergo disproportiona­
tion (Figure 2).^2 This type of disproportionation reaction 
has been shown to be a bimolecular process, and the rearrange­
ment of l-benzyl-l,2-dihydroi8oquinolines to the 3-benzyl 
derivative has recently also been shown to be bimolecular.^^ 
The cyclization of a l-benzyl-l,2-dihydroisoquinoline to a
12
^ . A . ^ NCH
Figure 2. Acid Catalyzed Reactions of l(2-Dihydro> 
isoquinolines•
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pavinane must be unimolecular and thus the reaction pathway 
favored by high dilution.
This thesis will discuss the successful syntheses of 
the three systems previously mentioned and a number of other 
systems proposed but not prepared. The consequences of 
intramolecular charge transfer interactions on inversion 
about nitrogen was investigated in these systems and the con­
clusions will be given.
RESULTS AND DISCUSSION
The syntheses of several nitrogen heterocyclic sys­
tems were attempted for this thesis. The reasons for the un­
successful synthetic attempts are discussed. For the systems 
where synthetic attempts were successful! the syntheses and 
stereochemical consequences of nitrogen inversion are 
discussed.
Attempted Synthesis of the 10.9-(Iminomethano)anthracene Ring 
System
There are a large variety of ring systems which would 
be potentially useful in the study of intramolecular charge 
transfer effects on nitrogen inversion. Cava^ reported that 
the Diels-Alder addition of 1 ,3-cyclohexadiene to methylene- 
urethane (generated in situ) yielded 2-ethoxycarbonyl-2- 
azabicyclo[2.2.2]oct-5-ene (JJ5). Since anthracene has been 
shown to act as a diene in the Diels-Alder r ea ctions,the 
reaction with methyleneurethane as the dienophile was attempted 
as a possible synthesis of 10,9-(iminomethano)anthracene 
derivative (17).
.C00CoH
>  [CHy3H2OOCN=CH2](CH~CH900CNH)9CH,
11
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[CH3CH2OOCN=CH2]
NCOOCoHCHoNHCOOCoH
When this reaction was carried out using benzene as 
solventi only anthracene was isolated* When toluene was used 
as solvent a residue was isolated in 75% yield, wh|ch» after 
purification by chromatography on silica gel, showed spectral 
properties which corresponded to ethyl-9-anthracenocarbamate 
(18). A Friedel-Crafts type reaction could produce 1(3 since 
a Lewis acid, BF^, is present, or 1J3 could arise by ring 
opening of 17 to give the stable aromatic nucleus. 9»10-Di- 
methoxyanthracene (1£) was prepared-^6 in order to prevent a 
Friedel-Crafts reaction from taking place at the 9 or 10 
position on the anthracene ring. However, only starting 
material was isolated from the addition of methyleneurethane 
to 19 even when xylene was used as solvent.
While this work was in progress, the report by 
W i l k i n s o f  a previous attempt of this synthesis of 1£ was 
found. He also isolated 1(3 as well as a 9,10-dialkylated
16
anthracene derivative. The dialkylated derivative would 
undergo facile Diels-Alder reaction with maleic anhydride but 
would not undergo further reaction with methyleneurethane 
even at 14-0°. Wilkins' results indicate that the reaction 
does not involve a concerted addition of an imine to the 
anthracene. The synthesis of this ring system was not pur­
sued further.
Synthesis and Spectral Studies of 2-Benzyl-l,2,3,4- 
tetrahydroisoquinolines.
A series of 2-benzyl-l,2,3,4-tetrahydroisoquinolines 
was synthesized by the routes outlined in Figure 3. The 
isoquinoline and a benzyl halide underwent reaction to give 
a salt, and this salt was reduced with sodium borohydride in 
ethanol to yield the tetrahydroisoquinoline. The reduction 
of nitrogen heterocycles with complex metal hydrides has been 
reviewed by Lyle and Andersen.^®
When 6,7-dimethoxy-3,4-dihydroisoquinoline (2ff) was 
mixed with 2,4-dinitrobenzyl bromide (2^) in tetrahydrofuran, 
the expected salt did not precipitate but instead the reac­
tion mixture darkened and only tars could be isolated. A 
disproportionation or oxidation-reduction reaction could have 
occurred between a nitro group and the dihydroisoquinoline, 
and this reaction would result in decomposition of the reac­
tion mixture. This complication was avoided by converting 
the isoquinoline to the tetrahydro secondary amine by reduc­
tion over platinum in an acidic solution. An anion of the 
secondary amine was formed using sodium hydride and then the
17
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Figure J, The Synthesis of 2-Benzyl-l,2,3,4-tetrahydro- 
isoquinolines•
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anion was mixed with the benzyl halide to yield the benzyl- 
te trahydro is oquinoline.
The 2-(3-phenethyl)tetrahydroisoquinolines were most 
conveniently prepared by performing a Schotten-Baumann reac­
tion with the tetrahydroisoquinoline and a phenylacetyl 
chloride. The resulting amide could be reduced with a solu­
tion of dibroane in tetrahydrofuran.^ Table II lists the 
tetrahydroisoquinolines that were prepared.
Intramolecular charge transfer interactions, when 
observable, can be detected as an extra absorption in addition 
to that of a suitable reference in the uv or visible spectrum. 
Viel16 observed an intramolecular charge transfer band for 2 
in the fluorescence spectrum. This extra absorption band is 
due to electron transfer from an electron rich aromatic system 
to an electron deficient aromatic system. Ultraviolet ad-
—Il
sorption studies at a concentration of 10 M in methanol were 
performed on the compounds in Table II and on their proton 
salts.
C» 2 <  > 01
7
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TABLE II 
Tetrahydroisoquinolines
5 - *
R
NR
8 1
Compound
h. h
31 H H
32. H ch3
31 H benzyl
40 H 2', 6' -dichlorobenzyl
41 H 4'-nitrobenzyl
42 H 2', 4'-dinitrobenzyl
13 H 4 *-methoxybenzyl
44 H 3'(4'-dimethoxybenzyl
13 H 3-(4'-nitrophenyl)ethyl
13 6,7-dimethoxy H
47 6,7-dimethoxy CH^
48 6,7-dimethoxy benzyl
11 6,7-dimethoxy 2',6'-dichlorobenzyl
31 6,7-dimethoxy 4'-nitrobenzyl
51 6,7-dimethoxy 2',4*-dinitrobenzyl
31 6,7-dimethoxy 3-(4'-nitrophenyl )ethyl
31 5-nitro ch3
31 5-nitro benzyl
55 5-nitro 4'-methoxybenzyl
56 5-nitro 3',4'-dimethoxybenzyl
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Compounds .22 to 45 were selected as suitable refer­
ences since there is no substitution in the isoquinoline por­
tion of the molecules and thus no charge transfer would be 
expected. In addition, the uv spectrum of each portion of 
the molecule was recorded. The algebraic sum of these spectra 
were compared with that of the parent compound. For example, 
the uv spectrum of 2-(4*-nitrobenzyl)-6,7-dimethoxy-l,2,3,4- 
tetrahydroisoquinoline (50) was recorded. Compound 44 would 
be used as a reference as well as the algebraic sum of the 
spectra of 4? and £-nitrotoluene. The uv spectrum of a lil 
molar solution of known concentration of £-nitrotoluene and 47
was also determined. Any extra absorption band that occurred
-4in the spectrum of ^0 at 10 M could be attributed to intra­
molecular charge transfer. Intermolecular interactions are
-2 14not observable at concentrations less than 10 M.
Intramolecular charge transfer could be observed in 
the uv spectrum only for 2-(2 ',6'-dichlorobenzyl)-6,7- 
dimethoxy-l,2,3,4-tetrahydroisoquinoline (4£). An extra 
absorption band appeared at 370 nm (€100) which did not occur 
in any of the reference spectra (Figure 4).
Since many of the tetrahydroisoquinolines prepared 
were oils, uv absorption studies were performed on their 
proton salts. The uv spectra of the bases and proton salts 
of all solid tetrahydroisoquinolines were virtually identical. 
The proton salts could be prepared in analytical purity and 
were easily manipulated. The uv spectrum of the hydrochloride 
of 4£ also showed an intramolecular charge transfer band at 
370 nm.
10 M in aethano!
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While most of the tetrahydroisoquinolines prepared 
were white or pale yellow in color, f*2 was isolated as orange 
needles. Compound 51 is a yellow-brown solid which is not 
stable as the base. Both 42 and contain the 2,4-dinitro­
benzyl substituent on the nitrogen. The anomalous behavior
of these compounds is attributed to the fact that they have
40the possibility of forming Meisenheimer type complexes 
either internally or as dimers (Figure 5)» Formation of 
Meisenheimer type complexes is prevented when the nitrogen is 
protonated. The proton salts of both 42 and £1 are white,
Nitro substituents in the benzyl portion of the mole­
cule showed only a hint of extra absorption (Figure 6), In­
creasing the chain length to the phenethyl series did not 
increase the amount of any interactions (Figure 7). Compounds 
containing a nitro substituent in the 5-position of the iso­
quinoline ring did not show any extra absorptions in their 
uv spectra (Figure 8),
The absence of any extra absorptions in the uv spect­
rum could indicate that no intramolecular charge transfer was 
occurring or that the charge transfer band was obscured by 
other transitions. If the 2-benzyl-tetrahydroisoquinolines 
occur to any appreciable degree in a folded conformation with 
the aromatic rings face-to-face, intramolecular (de)shielding 
effects in the nmr spectra should be observed. It has been 
shown1^  for a series of benzylphenylsulfones that the shifts 
of the aromatic protons in the nmr spectra can be correlated 
with an appearance of an intramolecular charge transfer band 
in the uv spectra. Table III lists the chemical shifts of
Figure 5. Internal Meisenheimer Complexes of 2-(2* ,V-Dinitrot>enzyl)-l ,2,3,4- 
tetrahydroisoquinoline•
to
VjJ
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Figure 6, Ultraviolet-Visible Absorption Spectra of the
Proton Salts of 42, 48, £0, and J51.
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Figure 8. Ultraviolet-Visible Absorption Spectra of the
Proton Salts of J?4 and j>6.
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the aromatic protons for compound 42 which had a charge trans­
fer adsorption band in its uv spectrum. Compared with refer­
ence compounds 40 and 48, the aromatic protons of 4£ are
shifted only slightly compared with values of ca. 0.15-0.40
15kppm obtained for the benzylphenylsulfones. J No conclusive 
evidence for a face-to-face interaction can be obtained from 
these data.
TABLE III 
Chemical Shifts of Aromatic Protons
Compound 6 Isoquinoline H
40 R1=H, R2=2',b'-diCl
48 Rx=6,7-diOCH^, Rg=H 6.58, 6.46
42 R1=6,7-diOCH^, R2=2',6'-diCl 6.53, 6.4?
The ring methylene and benzyl protons in the benzyl-
41tetrahydroisoquinolines are diastereotopic. As nitrogen 
inversion slows, the nmr signed for these protons should 
change from a sharp singlet to an AB quartet. Low temperature 
nmr spectra of 41, 48 , 42 and j>0 were recorded in methylene 
chloride to -90°. No change in any of the signals for any 
of the compounds was observed.
6 Benzyl H 
7.24
7.20
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Figure 9. The NMR Spectra of the Proton Salts of 22 311(1 61.
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Protonation of the nitrogen slows down inversion.
The nmr spectrum of the hydrochloride of 22 shown in Figure 9 
indicates that inversion about nitrogen has been slowed. One 
of the two methylene signals has been considerably broadened. 
Labeling the benzyl group with deuterium shows that the 
broader signal arises from the more constrained, ring-methylene 
group. A double resonance experiment showed that this broaden­
ing was not due to long range coupling with the protons in the 
3 or 4 position of the tetrahydroisoquinoline ring or with the 
proton in the 8 position. Upon addition of acid to a DgO solu­
tion of 22* ^ e  methylene peak broadens even further and begins 
to split into a multipleti however, the salt precipitates be­
fore the signal splits sufficiently enough to obtain coupling 
constants. No suitable solvent could be found to keep the 
salt in solution at low temperature or low pH.
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TABLE IV 
3»4-Dihydro-l,3,2H-benzoxazines
.0
NR*
Compound Rx Rg R^ % Yield
69 OCH-j H ch3 44
70 OCH^ H CHgPh 41
71 0CH3 H CHg-^'-NOgPh 39
72 OCH^ H CHgCHgPh 63
22 OCH^ H CH2CH2-4*-N02Ph 65
22 0CH3 H CH2-2',6 *-diClPh 36
21 CH3 H CHgPh 54
21 c h^ 4'-ClPh CHgPh 66
Synthesis and Spectral Studies of 3-Benzyl-3.4-Dihydro- 
1»3»2H-benzoxazines.
A series of 3-benzyl-3»4-dihydro-l,3»2H-benzoxazines 
(«) was synthesized by the condensation of a phenol, a primary 
amine and two moles of formaldehyde, a procedure first utilized 
by Burke.^ Table IV lists the compounds that were prepared.
i
The condensation of £-chlorobenzaldehyde and 2-benzylamino-
methyl-4-methylphenol (77) with removal of water yielded 76.
17
The acid catalyzed hydrolysis ' of 7j> gave 77.
The uv spectra at 10 M in methanol of compounds 6£ 
to 74 showed no extra absorptions above those of reference
30
samples. No intramolecular charge transfer interactions 
could be observed for this system.
The benzoxazine ring system was studied in the hope 
that the 1,3-dipole-dipole interaction, the "rabbit-ear 
effect",1^ would enhance any charge transfer interactions. 
Roberts1^  has found for tetramethylhexahydrotetrazine (92) 
that two of the methyl substituents prefer to be axial. He 
attributes this preference to unfavorable nitrogen lone pair- 
lone pair interactions in 92a.
CH
CH
N
92a 92b
Low temperature nmr spectra of £0 and £1 were re­
corded in methylene chloride to -90°. No change in any of 
the signals for either compound was observed.
It was observed that when a 3 # 4 ’- d i h y d r o - l , 3 # 2 H -  
benzoxazine was treated with borane and the adduct was heated, 
a rearrangement occurred. When 81 was recrystallized from 
cyclohexane-benzene, a singlet at 2.31 ppm appeared in the 
nmr spectrum. This signal is in the region corresponding to 
a N-Me resonance. The signal associated with the methylene 
group bonded to the N and 0 had also disappeared. This 
indicated that ring opening and reduction had occurred. The 
infrared spectrum showed an absence of OH stretching
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adsorption but strong B-H adsorption at 2400 cm . Structure 
86 was assigned to this product. Ring opened structures of 
type 92 were eliminated since the ring methylene group bonded 
to the N and substituted aromatic ring appeared as an AB 
quartet. The methylene signals in 22 should appear as sing­
lets due to free rotation about the C-N bond and rapid inver­
sion of nitrogen configuration.
The rearranged product was shown by the spectral data
to belong to a ring system known as [4H]-l-oxa-3-azonia-2-
96boratanaphthalenes (OABN). The name describes the state of 
reduction for compounds 8j5 to 813 obtained from the rearrange­
ment of the amine boranes SO to 8£. Table V lists the 
compounds prepared.
The 1,3,2H-benzoxazaborine ring system has previously
been synthesized by condensation of phenylboronic acid with
42o-hydroxybenzylamine, and by thermal cyclization of the
43adduct of borane and salicylideneaniline. J Borane was added 
to a tetrahydrofuran solution of the benzoxazine and after 
30 min the solvent was evaporated to give the adducts (80 to 
84) as white solids. Heating these solids neat at 180° for 
20 min yielded the rearranged OABN (8J5 to 88). Treatment of 
86 with aqueous hydrochloric acid gave 2-(benzylmethylamino- 
methyl)-4-methoxyphenol (£1). The nmr spectral data for the 
amine boranes and the OABN derivatives are listed in Table VI, 
The methyl iodide (78) and benzyl bromide (£2) salts of 22 
were prepared for an nmr comparison with the OABNs.
The signals for the ring methylene groups in the 
adducts (80 to 64) are all AB quartets due to the quaternary,
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TABLE V
-Oxa-3-azonia-2-boratanaphthalenes (OABN)
62 Rj=OMe, R2=H, R^=Me 
70 R^OMe, R2=H, R3=CH2Ph 
72 R1=OMe, R2=H, R^CHgCHgPh 
I£ R1=Me, R2=H, R3=CH2Ph 
£6 R1=Me» R2=2-ClPh, Ry=CH2Ph CH2NCH2R2
R,
NCH2R2
22
H2NCH2R2
Benzoxazine BHyAdduct OABN (% yield)
6£ 80 b£ (68)
70 81 86 (53)
72 82 b£ (7b)
7£ 82 88 (5**-)
76 Iff M2 ( — )
TABLE VI
Compound
80
82
§2
84
§1
86
87
88
78
79
NMR Spectral Data for Borane Adducts of 
Benzoxazines and Oxazoniaboratanaphthalenes
R1
1 1
R3
A  /  R2 
CH 
l —
NCH.J
( S ) 3.78 (dd) 4.12* 
J=18, Av=52
(s) 2.70 (dd) 4.60 
J=10,Av=l0
—
(s) 3.81 (dd) 4.12 
J=17, A v=39
(m) 3.08 (dd) 4.68 
J=10, Av=32
- -
( S )
CM•
Oi (dd) 4.02 
J=17. A v =22
(s) 3.90 (dd) 4.50 
J=10, A v=7
—
(s) 2.24 (dd) 4.04 
J=18f Av=**
(s) 4.00 (m) 6.16 —
(8) 3.76 (s) 3.96 (s) 2.68 — (s) 2.68
(s) 3.80 (dd) 4.04 
J=14, A v-19.5
(dd) 3.84 
J=l4, Av=15.6
— (s) 2.52
(s) 3.73 (dd) 3.98 
J=14.5. Av=8.9
(m) 3.08 — (s) 2.64
(s) 2.28 (dd) 4.04 
J=13. A v=17 .7
(dd) 3.80 
J=14.5, Av=16.4
— (s) 2.52
( S ) 2.24 (dd) 4.84 
J=15.5, A v=31.4
(s) 3.82 (dd) 5.40 
J=8.5, A v=11
(s) 3.08
(s) 
* 6 in
2.32 (s) 5.16 
ppm, J and in Hz
(s) 5.36 (s) 5.44 ——
** a portion of the signal was obscured by THF
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asymmetric nitrogen. The N-benzyl signal, however, appears 
as a singlet. In 80 and 84, a long range 1,3-coupling (J = 
2.5 Hz) was observed between one hydrogen of each methylene 
group. The signal farthest downfield for the Ar-CH-N and 
the signal farthest upfield for the 0-CH-N were each split 
into a doublet of doublets. Irradiation of the upfield sig­
nal relaxed the downfield signal to a doublet.
In the benzoxazaborines, 86 and 88, both the ring 
methylenes and the N-benzyl signals appear as AB quartets. 
However, the N-benzyl signal in 78 is a singlet, since the 
N is bonded to two ring methylene groups while in 86 the N 
is bonded to one ring methylene group and to a B atom. In 
each case the N-benzyl protons are diastereotopic. However, 
in 2§. magnetic fields associated with each ring methylene 
are not sufficiently different to observably influence the 
N-benzyl protons. The magnetic fields associated with the 
ring methylene and the boron atom are sufficiently different 
in 86 to cause the N-benzyl signal to appear as an AB quartet.
86 28
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Anomalous behavior was observed when 2k was treated 
with diborane. A white solid (mp 196°) precipitated from the 
THF solution. This solid was insoluble in most aprotic, 
organic solvents. The infrared spectrum showed a B-H stretch­
ing adsorption, and the nmr spectrum showed signals at 6.16,
4.00 and 4.04 ppm which were indicative of the amine borane, 
84. This compound was the only adduct prepared which had a 
substituent in the 2-position. This could account for the 
low solubility and high melting point. The acyclic structure 
94 (Figure 10) could not be eliminated for this compound al­
though 2k should be quite reactive and undergo reduction or 
polymerization readily. For these reasons 2i£ was considered 
an unlikely structure.
Mikhailov^ has isolated a high melting, insoluble 
substance from the borane addition to salicylideneaniline.
He suggested that this material is a trimer of 22* probably 
formed through donor-acceptor bonds. The amine borane, 84, 
is quite sterically hindered because of the bulky groups on 
the nitrogen and on the 2-position, and could undergo ring 
cleavage and reduction to give £2* On heating, 22* which now 
contains three large groups on the nitrogen, could undergo 
hydrolysis in preference to cyclization to yield 90.
When 84 was heated to 220°, the expected product of 
rearrangement, 82, was not observed but instead the ring 
opened tribenzylamine (20) was obtained. The three N-benzylic 
signals appeared as three singlets at 3.56, 3.58, and 3.68 ppm 
in the nmr spectrum and the infrared spectrum showed an OH 
stretching adsorption.
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CH0NHCH0Ph
Figure 10. The Synthesis and Reactions of 3,4-Dihydro-2-2-
chlorophenyl-3-benzyl-6-aethyl-l,3,2H-benzoxaz ine.
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Figure 11. Possible Mechanism for Rearrangement.
Figure 11 diagrams a possible mechanism for the 
rearrangement. A four-centered cyclic transition state with 
attack of hydride on the ring methylene could give the open- 
chained intermediate 21* which could then cyclize to the 
OABN. The substituent in the 2-position of 8^ could hinder 
hydride attack and/or cyclization and result in the formation 
of 20.
Synthetic Approaches to the 6.12-Imino-6H.12H-dibenzofb.fl­
it 5-dioxacin Ring System
Since the middle of the nineteenth century salicyl-
aldehyde has been known to dimerize under a variety of condi-
• UU’tions. It was not until 1922 that Adams assigned the
correct structure, 6,12-epoxy-6H,12H-dibenzo(|b,f]]-l,5-
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dioxacin (98), to the dimer. The nitrogen analog (102) of 
disalicylaldehyde would provide an interesting system for the 
study of intramolecular charge transfer effects and the effect 
of this interaction on nitrogen inversion. The aromatic rings 
of 102 are electron rich because of the oxygen substituent, 
and if an electron deficient aryl system were attached to the 
nitrogen, there would be the possibility of interaction bet­
ween the aromatic rings. This interaction should have an 
effect on the barrier to inversion of the groups about nitro­
gen. In addition, there would be two 1,3-dipolar interactions, 
reminiscent of benzoxazines, which could also influence 
nitrogen inversion.
98 29 r=c o o c2h 5
100 R=C00CH2Ph
101 R=C0Ph
102 R=H
103 R=CH3
Merten and Muller J reported the first example of the 
6,12-imino-6H,12H-dibenzo[b,f]-l,5-dioxacin ring system when 
they synthesized £2 from salicylaldehyde and ethylcarbamate
using borontrifluoride*diethyl etherate as a catalyst. Deri-
• _ IlLl
vatives of 98 are unstable to acid and the urethane esters
are notoriously difficult to hydrolyze in base.-^ The
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synthesis of 9£ was accomplished and the compound was sub­
jected to reduction with lithium aluminum hydride in tetra- 
hydrofuran. Only polymeric material was isolated. The 
carbobenzoxy analog, 100, was synthesized and subjected to 
hydrogenation over palladium-on-charcoal. A compound was 
isolated from this reaction which had physical properties 
and spectral data that did not correspond with the structure 
102 but to the ring-opened bis-(o-hydroxybenzyl)amine (104). 
The attempted synthesis of 101 starting with salicylaldehyde 
and benzamide gave a compound (105) of as yet undetermined 
structure.
These observations are comparable to the results 
46obtained by Razdan for the 1,3-benzoxazacine ring system 
(106)* He found that reduction of 106 with lithium aluminum 
hydride, aluminum hydride and diborane gave only the product 
of ring cleavage, 107. Since a substituent on nitrogen 
could not be cleaved successfully to give 102, further 
attempts aimed at the synthesis of 102 were suspended.
106
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Synthetic Approaches to the Pavinane Alkaloids
Stetter and Heckel^ have reported that 1,5-cyclo- 
octadiene (134) and N,N-dibromo-£-toluenesulfonamide (135) 
underwent reaction to form the addition product (136)• Thus 
a dibenzocyclooctatetraene system (138) should undergo reac­
tion with a nitrene-type reagent to yield the pavinane ring 
system. Derivatives of 138 are not readily available but a
possible synthetic route from the corresponding dibenzsuberone
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(139) is shown in Figure 12. Cope found the dehydrobromma- 
tion of compounds of type 140 with amines resulted in mole­
cular rearrangement and the formation of 141 instead of the 
desired 138. Cioranescu^ obtained similar results using 
acidic conditions for the elimination. This synthetic 
approach to the pavinane skeleton was thus abandoned.
12*
+ H3° - V j r ° 2NBr2 — >
The classical synthetic approach to the pavinane alka­
loids utilizes the fact that 1,2-dihydroisoquinolines should
24 32exhibit enamine character and should be susceptible to
electrophilic attack at the 4-position. Particularly when 
the electrophile is a proton, the 1,2-dihydroisoquinoline 
should undergo nucleophilic attack at the 3-position (Figure 2, 
p 12). Using 2,3-dimethoxy-N-methylpavinane (128) as an
0 
139
H^C OH 
Ph3P=CH2
138
LiAlH,
< -
KOH
| aci d or base
NBS
A
Figure 12. An Approach to the Synthesis of sym-Dibenzocyclooctatetraene,
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example, this approach is outlined in Figure 13.
The chemistry of Reissert compounds has been reviewed 
extensively^0 and these compounds have become the intermediate 
of choice for the preparation of 1-substituted isoquinolines.
l-Cyano-2-benzoyl-l,2-dihydroisoquinoline (108) was prepared 
by the method of Popp and Blount'** in 79% yield. The anion of 
the Reissert compound can be generated at room temperature 
with sodium hydride in dimethylformamide.**2 3»4-Dimethoxy- 
benzyl bromide (21) was added, and the alkylated Reissert 
compound was hydrolyzed with base to give l-(3', V-dimethoxy- 
benzyl)isoquinoline (110). This base was converted quantita­
tively to the quaternary salt (112) by heating with methyl 
iodide.
There are at least three general methods for the 
reduction of isoquinolinium salts to 1,2-dihydroisoquinolines. 
Shavel2^ reduced the salts with lithium aluminum hydride in 
tetrahydrofuran by stirring the mixture at room temperature 
overnight. This method gave unsatisfactory results in the 
present work.
The reduction of 112 overnight with sodium boro- 
hydride in ethanol at room temperature gave the tetrahydro 
derivative, 120, in good yield. Barton^ however, found that 
sodium borohydride reduction in an aprotic solvent such as 
pyridine stopped at the dihydroisoquinoline. This is con­
sistent with predictions made by Lyle and Anderson-^® based on 
the mechanism of reduction of isoquinolinium salts. When 
there is no proton available for electrophilic attack at the 
4-position of the isoquinoline ring, the reduction stops at 
the 1,2-dihydro stage.
^3
PhCOCl« KCN \
h 20/c h ’c i2 ^ NCOPh
108
1) NaH/DMF
2)
CH30 ^ -  CH2Br 
V  21
NC
OH ,OCH,
'OCH,
•NCH
OCH OCH
'OCH OCH
112 110
NaBHj
EtOH
NaBHj
pyr
NCH
TKOOH
H,POIl OCH
NCH,
OCH
120OCH,
OCH HClOj
OCH
121 OCH
NCOPh
128
Figure 13* The Synthesis of Pavinane Alkaloids.
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The third method that was considered was catalytic
reduction of the isoquinolinium salts to the 1,2-dihydro com- 
54pound. Grewe-' found that reductions of isoquinolinium salts
over Adams' catalyst in basic solution led to isolation of
•< -
1 ,2-dihydroisoquinolines rather than the fully reduced tetra- 
hydroisoquinoline. When acid was added to the system, reduc­
tion proceeded to the tetrahydro stage. These results are 
also consistent with the mechanism of reduction proposed by 
Lyle and Anderson.^
The reduction of 112 with sodium borohydride in 
pyridine gave the 1,2-dihydro derivative, 121. Nmr spectro­
scopy confirmed the structure of this compound for there was 
an AB quartet centered at 6.58 ppm with a coupling constant 
of 7 Hz (Av^B = 43.4 Hz) due to the resonance of the vinyl 
protons. In addition, the low field vinyl signal assigned to 
the proton in the 3-position showed meta coupling with the 
proton in the 1-position. The N-raethyl signal appeared at 
2.70 ppm and there was also a small signal at 2.46 ppm which 
indicated that a small amount of tetrahydro product was pre­
sent. The nmr spectra of the 1,2-dihydroisoquinoline
k5
derivatives were very similar to those published by Neumeyer^ 
for 1,2-dihydroisoquinolines.
By using the classical synthetic approach of 
2kBattersby and Binks of treating the 1,2-dihydroisoquinoline 
(121) with a mixture of formic acid and phosphoric acid, only 
the tetrahydro derivative, 120, was isolated. Products such 
as 120 resulting from disproportion have been isolated pre­
viously from the classical synthetic approach. ^  Treating 
121 with a variety of proton sources, such as trichloroacetic 
acid, trifluoroacetic acid, j)-toluenesulfonic acid, acid 
washed alumina or acid washed Dowex-50 ion exchange resin, 
yielded organic products which showed no signal in the nmr 
spectra assignable to an N-methyl group.
The disproportionation reaction of 1,2-dihydroiso- 
quinolines leading to tetrahydroisoquinolines (120) has been 
shown to be a bimolecular process.-^2 Recently, the rearrange­
ment of 1-benzyl-l,2-dihydroisoquinolines to the 3-benzyl 
derivative has also been.shown-^ to be bimolecular. The 
cyclization of 1-benzyl-l,2-dihydroisoquinoline to a pavine 
on the other hand must be unimolecular. This suggested that 
the desired cyclization could be favored over the other reac­
tions by using a highly dilute reaction.mixture. To test 
this hypothesis a dilute solution of 121 in chloroform was 
slowly added to a stirred mixture of chloroform and 70% 
aqueous perchloric acid. In this manner the 1-benzyl-l,2- 
dihydroisoquinoline, already in a dilute solution, would 
slowly diffuse through the chloroform layer and mix with the 
proton source at the interface of the aqueous and chloroform
k6
layers. The molecule would undergo internal cyclization since 
there would be no other molecules in the vicinity with which 
it could react in a bimolecular process. After the addition 
was complete, stirring was continued for 72 hr. The layers 
were separated, and the aqueous layer was diluted to 1 1. with 
water. The perchlorate of 128 precipitated from solution and 
was collected by filtration. In this manner, a series of 
pavinane derivatives was synthesized (Table VII).
Compound
128
129
130
121
When the two methoxyl groups were replaced with a 
methylenedioxy group, only highly colored materials were 
isolated from the reaction mixtures. This was not unex­
pected because of the knowilability of the methylenedioxy 
function under strongly acidic conditions. ^
There have been several reports^®'3^*58 that
TABLE VII 
Pavinane Derivatives
OCH,
OCH,
Yield
c h 3
CHgPh
CHg-V-NOgPh
CH2-2',6'-diClPh
60
50
95
58
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1-benzyl-l,2-dihydroisoquinoline underwent rearrangement in
preference to cyclization when treated with dilute acid.
27Shavel, however, reports that with 1-skatyl-l,2-dihydro- 
isoquinolines (151), cyclization occurs very readily while 
rearrangement could only be observed under special, conditions 
of treatment with acid. 1-Skatylisoquinoline (149) was pre­
pared from gramine and l-cyano-2-benzoyl-l,2-hydroisoquinoline 
(108) and was subjected to Shavel's conditions for cyclization, 
IN hydrochloric acid and methanol (Figure 1*0. In each 
attempt, the indole nucleus decomposed under the acidic 
conditions. When the high dilution technique described 
earlier was used with IN hydrochloric acid and diethyl ether 
as solvents, a quantitative yield of 152 was realized.
Simultaneously, another approach to the 1,2-dihydro- 
isoquinoline enamine system utilizing a 1-benzylisoquinolone 
(147) as precursor was attempted. One advantage of this 
system was that the resulting pavinane contained a secondary 
nitrogen. Various substituents could then be placed on the 
nitrogen in the last step. Figure 15 outlines this synthetic 
pathway.
2-Indanone (142) was prepared from technical grade 
indene by the procedure of Organic Syntheses. ^  Studies^0 
on enamine reactions of 2-indanone indicated moderate yields 
of alkylation products had been obtained. Blomquist^0a pre­
pared 1-benzyl-l-indanone (145) in 20$ yield from 142. Since 
145 decomposed on distillation and was sensitive to air, a 
characteristic of 2-indanones, the oxime (146) was prepared 
directly from the crude reaction mixture of 145.
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c h2n (c h3)2
NCOPh 
H' CN
108
I"
NCH- ^ a 1 
+ J
\  xylene
NCOPh
I
IN HC1
142
lil lii
Figure 14, The Synthesis of an Indolopavinane Derivative,
Z 
X
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R„NH
142
NR
■Ph
\/
NH20H*HC1
pyr
143
PCI* 
NOH E t ^ >
144
00:
— Ph
147
pavinane
HOAc
h 2o
V
OO^
•Ph
m .
NH20H«HC1
pyr
V
o>NOH
Ph
146
Figure 15* The Synthesis of l,4-Dihydro-3-[2H3isoquinolone 
Derivatives•
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As a model for the Beckmann rearrangement 61 the oxime
(1^3) of 2-indanone was prepared. When the Beckmann rearrange­
ment was attempted in polyphosphoric acid (PPA), only tars 
were isolated. However, when phosphorous pentachloride in 
ether at room temperature was used, a 70% yield of 1,4-dihydro-
3-[2H]isoquinolone (1 W ) was realized. This reaction pathway 
provides a novel approach to the synthesis of
+
^  RljfR2  >
NOH. 
+  ‘ N
2
+
R-C=0 RoC0H r+
>RjNH R1N RjN
Figure 16. Mechanism for the Beckmann Rearrangement.
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The mechanism of the Beckmann rearrangement (Figure 
16) consists essentially of the formation of an electron- 
deficient nitrogen atom by the partial ionization of the 
oxygen-nitrogen bond of the oxime with a simultaneous intra­
molecular migration of the group anti to the departing hydro- 
oxyl group. In preparing 146, the most favored oxime isomer 
should have the hydroxyl group anti to the carbon bearing 
the benzyl substituent because of steric considerations. If 
the Beckmann rearrangement were performed on 146, one of the 
intermediates would have structure 148. It is conceivable 
that cyclization of the electron-rich, benzyl ring to the 
electron deficient carbon would take place to give a pavinane 
directly from the reaction mixture. Although this reaction 
sequence appeared to be a promising route to pavinane 
derivatives, work was stopped when the cyclization of 1-benzyl-
1 ,2-dihydroisoquinolines was improved by the high dilution 
techniques.
The nmr spectra of pavinane derivatives having a C2
26 60 62axis exhibit striking symmetry * * and are quite character­
istic for this class of alkaloids. The nmr spectrum of 
argemonine (10a), for example, is in part an ABX system^ in 
which proton H couples only with H-. and appears as a doublet
a D
centered at 4.08 6 (Jab = 6 Hz). The signal for proton Hc is 
coupled only with proton and appears as a doublet centered _ 
at 2,62 6 (Jbc = 1? Hz). The signal for proton H^ is split 
by Ha and Hc and is a pair of doublets centered at 3 . 5 3 and 
3.42 6 . The signal for the aromatic protons give singlets at 
3.92 and 3.84 6 . The N-methyl group is a singlet at 2.57 6 .
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CH„0
CH~0 OCH
HO.
10a isa
The lack of spin-spin splitting between H and Hcl C
64can be related to the phenomenon investigated by Anet in 
the bicyclo[2.2.l]heptane system. Thus, 2-exo, 3-exo- 
camphane-2 ,3-diol (154) exhibits a coupling constant of zero 
(J-, i, = 0) between the bridgehead hydrogen and the adjacent 
proton, predicted by the Karplus equation ^ where the 
dihedral angle is 79° •
OCH,
OCH,
128
53
The pavinane derivatives prepared for this thesis
were unsymmetrical (i.e. containing no Cg axis ) analogs.
For 128, the bridgehead hydrogens, H and H , appear as two
a. a
overlapping doublets (J ^ = Ja ,b i = 6 Hz), centered at 4.13
and 4,07 & respectively, HQ and Hc , as two doublets (J^c =
Jb'c' = ^  Hz  ^ centered a-t 2 *58 and 2 .7 0 6 respectively and
and H^, as two triplets between 3*69 ^ d  3*32 6 . 
and C^-H appear as two singlets at 6 .6 7 and 6,49 6 respective­
ly and the N-methyl group is a singlet at 2.58 6 . Compounds 
1 2 9, 130 and 131 all have benzyl substituents on nitrogen.
The diastereotopic methylene hydrogens appear as an AB 
quartet (J^B = 6 Hz, A v ^  = 9 Hz). The coupling constants 
for the proton resonances of 152 are the same as for the un­
symmetrical pavinanesj however, the chemical shifts of these 
signals are different. Table VIII lists the nmr data for the 
unsymmetrical pavinane derivatives prepared and these data 
agree favorably with published results. *
Studies of the uv spectra in methanol of pavinanes 
128 through 131 and their proton salts indicated there were 
no intramolecular charge transfer interactions which could be 
observed. In the nmr spectra of the proton salts of 129 and 
130 in d^-acetone, the signals resulting from two isomers 
were present (Figure 17) in the aromatic region. Two dis­
tinct sets of equal intensity singlets were observable for 
the C^-H and C^-H. When compared with the spectrum of a 
commercial sample of DL-pavine hydrochloride (£) and with the 
spectrum of 128, one set of singlets was shifted downfield 
about 0.16 ppm. Compounds 128 and 131 showed only one set of
TABLE VIII 
NMR Data for Pavinane Derivatives
H HSt c
Compound (Jab=6Hz) Hfe (Jbc=17Hz) NR C2-0CH3 C3-OCH3 Cj-H C^-H
128 (d) 4.13* (t) 3.69 (d) 2.70 (s) 2.58 (s) 3.87 (s) 3.79 (s) 6.67 (s) 6.49
(d) 4.07 (t) 3.32 (d) 2.58
129 (d) 4.24 (m) 3.70- (d) 2.74 (q) 3.84 (s) 3.82 (s) 3*76 (s) 6.62 (s) 6.50
(d) 4.18 3.3O (d) 2.64 (J=6Hz)
130 (d) 4.18 (m) 3.68- (d) 2.76 (q) 3.95 (s) 3.87 (s) 3.80 (s) 6.70 (s) 6.58
(d) 4.08 3.28 (d) 2.72 (J=6Hz)
131 (d) 4.28 (m) 3.72- (d) 2.72 (q) 4.06 (s) 3.87 (s) 3-79 (s) 6.70 (s) 6.50
(d) 4.20 3.36 (d) 2.60 (J=6Hz,
Av=9Hz)
152 (d) 4.24 (m) 3.56- (d) 2.68 (s) 2.56 N-H 8.40
(d) 3.96 3.04
* 6 in ppm from TMS
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OCH,
o c h"
131 R = CHg-2',6'-diClPh
130 R = CHg-V-NOgPh
129 R = CHgPh
W v 128 R = CH,
v J W W '  2 R = H, DL-Pavine 
J_____________ L___________ _J
9.00 8.00 7.00 6.00 6
Figure 17. The NMR Spectra of Proton Salts of Pavinane 
Derivatives in d^-Acetone.
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singlets for C^-H and C^-H. For 131 one singlet was shifted 
downfield 0.16 ppm and the other singlet was shifted down­
field O.36 ppm when compared with 128.
House^ has found for 1,8-diphenylnaphthalene (155) 
that a face-to-face interaction of the aromatic rings causes 
a shift in the aromatic signals of 0.5 ppm upfield. Studies 
with paracyclophane (156) also gave evidence for the fact 
that protons which are located in the shielding cone of an 
aromatic ring are shifted upfield. The nmr data for the 
pavinanes indicate that the aromatic hydrogens at and
Q <
lie in the deshielding cone7^ of the N-benzyl substituent.
Shielding Region
Deshielding Region
A Drieding model of 128 shows that the N-methyl group 
does not lie over an aromatic ring. Although two isomers are 
most likely formed when 128 is protonated, only one set of 
signals is observed. The N-benzyl group may or may not lie 
over an aromatic ring. When 129 or 130 are protonated, two 
isomers are observed due to the influence of the benzyl sub­
stituent on the chemical shifts of the ring hydrogen. This 
interaction, however, does not seem to result from a face-to-
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face orientation of the aromatic rings.
The proton salt of 130 shows two sets of singlets for 
the C^-H and C^-H but only one set of signals (an AB quartet) 
for the £-nitrobenzyl aromatic ring. This observation is an 
indication that the unsubstituted aromatic ring and the di- 
methoxyl substituted aromatic ring of 130 are not sufficiently 
magnetically different to observably influence the £-nitro- 
benzyl aromatic system.
The fact that 131 shows only one set of singlets for 
the C^-H and C^-H and that these signals are shifted down­
field indicates that one isomer was formed in large preference. 
That isomer would have the N-benzyl group located on the same 
side of the nitrogen atom as the dimethoxyl aromatic ring. 
Another explanation is that the signals for each isomer are 
accidently equivalent? however, this seems unlikely.
The uv data indicate that there are no observable 
intramolecular charge transfer interactions occurring in the 
pavinane series. The nmr and uv data together give good 
evidence that the conformation which has the benzyl sub­
stituent in a face-to-face orientation with the aromatic 
groups of the pavinane ring system is unfavored.
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EXPERIMENTAL
General
Melting Points. Melting points were determined using 
a Thomas-Hoover apparatus and are uncorrected.
Infrared Absorption Spectra. The infrared spectra 
were determined using a Perkin-Elmer Model 13?B Infracord 
spectrophotometer equipped with sodium chloride optics. The 
spectra of liquids were determined as films and the spectra 
of solids were run as potassium bromide pellets. The inten­
sity of the bands are indicated by (s)» strong» (b), broadi 
(m), mediumi and (w)( weakj and the location of each band is 
given in frequency units, cm-1. Each spectrum was calibrated 
at 1601.4 cm 1 using a polystyrene film.
Nuclear Magnetic Resonance Spectra. The nuclear
magnetic resonance spectra were determined using a Varian 
Model A-60 Spectrometer or a Jeol MH100 Spectrometer. The 
chemical shift data are reported as 6 values in ppm from 
tetramethylsilane (TMS). When DCCl^ was used as solvent,
TMS was used as an interned standardi when d^-DMSO, d&- 
acetone or D2O were used as solvents, TMS was used as an 
external standard. The integrations were determined by 
dividing the total integration by the theoretical number 
of protons and the number of protons responsible for each 
region of absorption was then determined using this calcu­
lated value for a proton.
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Ultraviolet Absorption Spectra* The ultraviolet 
absorption spectra were determined using a Cary Model 15 
recording spectrophotometer*
Elemental Analysis. Elemental analyses were deter­
mined by Linda Heavner, Gail Lambert or Dee Cardin using an 
F and M Model 180 carbon* hydrogen* and nitrogen analyzer*
Materials. A. Reagentst All chemicals were pur­
chased from Aldrich Chemical Company and used without further 
purification except as noted. Methyl iodide and $0% aqueous 
methylamine were purchased from Fisher Chemical Company while 
phosphorus oxychloride was purchased from Allied Chemicals. 
Hydrogen bromide and hydrogen chloride (gases) were purchased 
from Baker Chemical Company* and N-bromosuccinimide was pur­
chased from Eastman. Borane diethyletherate (1M in tetra- 
hydrofuran), lithium aluminum hydride* sodium borohydride, and 
sodium hydride were purchased from Alfa Inorganics (Ventron). 
Lithium aluminum deuteride was purchased from Roth Labora­
tories (Germany)* while platinum oxide was obtained from 
Engelhard Chemicals.
B. Solventsi The following solvents were used 
without additional purificationi pentane* petroleum ether* 
hexane* cyclohexane, methanol* ethanol* isopropanol* carbon 
tetrachloride* chloroform, methylenechloride* benzene* 
toluene* xylene, ethylacetate, acetonitrile* drum ether and 
acetone. Dimethylformamide* glyme and tetrahydrofuran were 
distilled from calcium hydride and stored over 4A molecular 
sieves. Pyridine was distilled and stored over potassium
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hydroxide pellets. Anhydrous ether was stored over sodium 
wire.
Preparation of Benzylcarbamate (157)« Benzylcarbamate 
(157) was prepared from benzylchloroformate and concentrated 
ammonium hydroxide according to the Organic Syntheses proce­
dure,^^ and 70# of 157 was obtained as white needles, mp 87-88° 
(benzene), lit.69 mp 87°I ir (#13252, KBr) 3400 (m), 1700 (s), 
1610 (m), 14-60 (s), 1410 (b), 1360 (b), 1100 (m), 1080 (s),
920 (m), 740 (s).
Preparation of Methylenebisethylcarbamate (14). Com­
pound 14 was prepared according to the procedure of Cava. ^  
Ethylcarbamate (89 g, 1.0 mol) was dissolved in 500 ml of 
cold water, and 40.5 g (0.5 mol) of 37# aqueous formaldehyde 
and 1-2 ml of concentrated hydrochloric acid were added. The 
mixture was allowed to stand at ambient temperature for 3 days 
during which time 63,4 g (67#) of 14 was deposited as white 
needles, mp 130-132°, l i t m p  127-130°i ir (#13430, KBr)
3400 (m), 1700 (s), 1510 (s), 1240 (b), 1110 (m), 1020 (s),
925 (m), 760 (m). This solid was used without further 
purification.
Preparation of Methylenebisbenzylcarbamate (158). 
Compound 158 was prepared from benzylcarbamate (157) according 
to the above procedure of Cava.^ The biscarbamate (158) was 
obtained in 40# yield as a white solid, mp 149-158° (benzene), 
lit.9** mp 149° 1 ir (#13^31* KBr) 3^00 (m), 1700 (s), 1510 (s), 
1250 (m), 975 (m).
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Preparation of 9110-Dimethoxyanthracene (1^)» Com­
pound 1£ was prepared according to the procedure of M e e k , ^  
Anthraquinone (10.4 g, 0.5 mol) was ground with 5*0 g of zinc 
dust and placed in a reaction flask with 20 ml of ethanol.
To this mixture was added 100 ml of 20f> sodium hydroxide solu­
tion and the slurry was heated under reflux for 1 hr. Methyl 
£-toluenesulfonate was added slowly with stirring until the 
color of the solution changed from deep purple to orange.
The resulting precipitate was collected by filtration and 
washed with alkaline sodium hydrosulfite. The solid was then 
dissolved in benzene and the solution was filtered and the 
filtrate concentrated to yield 9*6 g (81)6) of 1£ as yellow- 
green crystals, mp 196-200°, lit.-*6 mp 198-199°I ir (#13165, 
KBr) 1610 (m), 1470 (s), 1300 (s), 1070 (b), 975 (s), 790 (s), 
770 (s).
General Procedure for the Preparation of Substituted 
Benzyl Bromides. These compounds were prepared by the method 
of Baldwin.^0 A 300 ml three-necked flask fitted with a 
thermometer and gas inlet and outlet tubes was charged with 
0.05 mol of the substituted benzyl alcohol in 100 ml of ben­
zene. Hydrogen bromide gas was bubbled into the cooled solu­
tion. The reaction temperature rose from 4° to 11°. After 
20 min, the temperature of the reaction mixture fell to 5° 
and the addition of hydrogen bromide was terminated. Anhy­
drous sodium sulfate was added, and the mixture was stirred 
for 4 hr. The reaction was filtered and the filtrate was 
evaporated to give the lachrymatory product as the residue.
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The infrared spectrum showed an absence of OH stretching 
adsorption* The product was then used immediately without 
further purification except as noted.
-Me thoxybenzyl Bromide (20)* The above procedure 
with £-methoxybenzyl alcohol gave 10.0 g (100#) of 20 as a 
pink oil|^° ir (#11526, film) 1620 (s), 1590 (m), 1515 (s),
1475 (m), 1440 (m), 1310 (s), 1260 (b), 1240 (m), 1210 (m),
1190 (s), 1045 (b), 840 (b).
3.4-Dimethoxybenzyl Bromide (21). The above proce­
dure with 3,4-dimethoxybenzyl alcohol gave 11.5 g (100#) of 
21 as a pink oil which solidified on cooling. The solid was 
recrystallized from low boiling petroleum ether to give 8.0 g 
(70#) of 21 as a white solid, mp 56-58°• The literature^1® 
reports using this compound as an oil without further purifi­
cation! ir (#12196, KBr) 2950 (w), 1660 (m), 1500 (s),
1460 (s), 1340 (s), 1260 (b), 1210 (m), 1150 (b), 1025 (b),
850 (s), 820 (b), 760 (s)i nmr (#10303, DCCl^) 6 6.80 (m, 3H), 
4.40 (s, 2H), 3.76 (s, 6H).
3.4-Methylenedioxybenzyl Bromide (22). The above
procedure with 3.4-methylenedioxybenzyl alcohol gave 10.8 g 
(100#) of 22 as a clear oil which solidified on cooling. The 
solid was recrystallized from low boiling petroleum ether to 
give 9.0 g (86#) of 22 as a white solid, mp 43.5-45,5°. lit?ll) 
mp 48°i ir (#12215, KBr) 1600 (w), 1500 (s), 1460 (s),
1380 (m), 1260 (s), 1110 (m), 1050 (s), 940 (s), 870 (m),
820 (b), 770 (m), 730 (w)« nmr (#10373. DCC13) 6 6.79 (m, 3H),
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5.87 (s, 2H), 4.43 (s, 2H).
Preparation of 2,4-Dinitrobenzyl Bromide (23). Prepa-
72ration of 22 was carried out by the method of Bauer.' In a 
500 ml round-bottomed flask equipped with a reflux condenser 
and magnetic stirrer was placed 18.2 g (0.1 mol) of 2,4- 
dinitrotoluene. 17.8 g (0.1 mol) of N-bromosuccinimide. 0.1 g 
of dibenzoylperoxide and 175 ml of carbon tetrachloride. The 
mixture was heated under reflux with stirring under a 100 watt 
incandescent light overnight. The mixture was cooled and the 
succinimide was removed by filtration. The brown carbon 
tetrachloride filtrate was washed with 50 ml of sodium 
hydroxide and 50 ml of water, and was dried over anhydrous 
magnesium sulfate. After filtration and evaporation of the 
filtrate, a light yellow oil remained. An analysis of the nmr 
spectrum showed that the oil was a mixture of 70 mol f» of 23 
and 30 mol jb of starting material* nmr (#12083, DCCl^) 6 7.82- 
6.68 (m), 4.07 (s), 1*97 (s). This mixture was used without 
any further purification.
Preparation of 6.7-Dimethoxy-3.4-dihydroisoquinoline 
(24). Compound 24 was prepared in 9 ^  yield from p-(3,4- 
dimethoxyphenyl)ethylamine by the method of Popp and McEwen.^ 
The amine (10 g, 0.06 mol) and 7 g (0.15 mol) of 97?b formic 
acid were heated at 170-180° for 3.5 hr. The resulting N- 
formyl derivative was dissolved in 50 ml of dry toluene, 30 ml 
(50 g, 0.33 mol) of phosphorous oxychloride was added, and the 
mixture was heated under reflux for 1 hr. The reaction was 
then diluted with 150 ml of petroleum ether (bp 40-60°C), the
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solvent was decanted from the brown gum, 100 ml of 10$ hydro­
chloric acid was cautiously added, and the non-basic impurities 
were extracted twice with 30 ml of benzene. The acidic layer
was made basic with sodium hydroxide and was extracted four
times with 50 ml of benzene. The combined benzene extracts 
were dried over anhydrous potassium carbonate and filtered and 
the filtrate was evaporated to yield 9.9 g (9**$) of 24 as a 
brown oil. The picrate, mp 207-209°d (ethanol), lit,^ mp 207- 
208°, was prepared) ir (#11342, film) 2950 (m), 1630 (s),
1600 (s), 1585 (s), 1470 (s), 13&0 (s), 1330 (s), 1290 (s),
1285 (m), 1250 (s), 1225 (m), 1200 (m), 1120 (s), 1030 (m),
1000 (m), 950 (w), 890 (m), 825 (m), 785 (m)» nmr (#12057, 
DCC13) 6 7.89 (t, J = 1.8 Hz, 1H), 6.54 (s, 1H). 6.41 (s, 1H), 
3.74 (s, 3H), 3.71 (s, 3H), 3.70-3.W (m, 1H), 2.90-2.36 
(m, 2H), This brown oil was used without further purification.
General Procedure for the Preparation of Isoquinolinium 
Salts. In a 100 ml round-bottomed flask equipped with a reflux 
condenser and a calcium chloride drying tube was placed 0.02 
mol of the appropriately substituted isoquinoline and 0.02 mol 
of methyl iodide or the benzyl halide dissolved in 35 ml of 
dry tetrahydrofuran. The solution was heated under reflux 
with stirring overnight. The solid which precipitated was re­
moved by filtration, washed with ether and dried. The product 
was recrystallized and spectral and analytical data were 
obtained on the recrystallized solid.
2-Methylisoquinolinium Iodide (25). The above proce­
dure with isoquinoline and methyl iodide gave 4.2 g (78$) of
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25 as a pale yellow solid, mp 161-162° (isopropanol), lit,^* 
mp 158-161°i ir (#11570, KBr) 2950 (w), 1650 (w), 1350 (w),
1280 (m), 820 (s), 760 (b),
2-Benzylisoquinolinium Bromide (26), The above proce­
dure with isoquinoline and benzyl bromide gave 5*6 g (91?0 of
26 as a white solid, mp 112-113° (isopropanol), lit.^ mp 110- 
111,5°! ir (#11571. KBr) 3400 (m), 2950 (w), 1640 (s), 1460 (m), 
1385 (b), 1170 (m), 1110 (m), 980 (m), 885 (m), 820 (s),
785 (m), 770 (s), 725 (b).
2-(2*,6'-Dichlorobenzyl)isoquinolinium Chloride (27),
The above procedure with isoquinoline and 2,6-dichlorobenzyl 
chloride gave 4,3 g (bb%) of 27 as a white solid, mp 227-230°d 
(ethanol-ether)! ir (#11484, KBr) Appendix, A-l.
Anal. Calcd for C ^ H ^ N C l y  C, 59.19» H, 3.72i 
N, 4,31. Foundi C, 59.H i  H, 3.88! N , 4,37,
2-(2',4 *-Dinitrobenzyl)isoquinolinium Bromide (28).
The above procedure with isoquinoline and 23. gave 5.8 g {75%) 
of 28 as a pale yellow solid, mp 183-184° (ethanol), lit.^ 
mp 151.5°» ir (#11480, KBr) 3400 (s), 3000 (b), 1640 (s),
1600 (s), 1570 (b), 1400 (s), 1350 (b), 1200 (w), 1170 (m),
1130 (w), 1070 (w), 1050 (w), 1000 (w), 930 (m), 900 (m),
845 (b), 805 (s), 770 (b), 740 (s), 715 (w).
Anal. Calcd for C ^ H ^ B r N ^  1 C, 49.24? H, 3.10!
N, 10.76. Foundi C, 49.34! H, 3.18! N, 10.58.
2-(4,-Methoxybenzyl)isoquinolinium Bromide (29). The
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above procedure with isoquinoline and 20 gave 6.4 g (97%) of 
29 as a white solid, mp 239-241°, lit.70 mp 235-236°» ir 
(#11547, KBr) 1950 (m), 1640 (w), 1600 (m), 1500 (m), 1440 (m), 
1400 (m), 1305 (w), 1290 (m), 1270 (s), 1195 (s), 1015 (s),
950 (w), 690 (w), 665 (m), 645 (b), 7«5 (m), 760 (b).
2-(3*,4*-Dimethoxybenzyl)isoquinolinium Bromide 1^0)•
The above procedure with isoquinoline and 21 gave 6.4 g (89%) 
of ^ 0 as a yellow-green solid, mp 213-216° (ethanol)1 ir 
(#11563, KBr) Appendix, A-2.
Anal. Calcd for C^gH^BrNOg* C, 60.00} H, 5*03i 
N, 3.88. Foundi C, 60.35» H, 4.99i N, 3.69.
2-Benz.vl-6t7-dimethox.v-3,4-dihydroisoquinolinium 
Bromide (^1). The above procedure with 24 and benzyl bromide 
gave 5.2 g (72%) of 21 as a yellow solid, mp 192-196°d (ethanol- 
ether), lit.77 mp 192-195°di ir (#11469, KBr) 2950 (s),
1650 (s), 1600 (s), 1550 (s), 1500 (s), 1450 (s), 1400 (w),
1350 (s), 1300 (s), 1260 (s), 1240 (m), 1200 (w), 1130 (s),
1090 (m), 1000 (s), 990 (m), 945 (w), 920 (w), 870 (m), 845 (m),
790 (m), 745 lm), 710 (b).
2-(2 ',6'-Dichlorobenzyl)-6.7-dimethoxy-3,4-dihydro- 
isoquinolinium Chloride (j)2). The above procedure with 24 and 
2,6-dichlorobenzyl chloride gave 5.2 g (67%) of ^2 as a yellow 
solid, mp 180-182°d (ethanol-ether)1 ir (#11470, KBr) Appendix, 
A-3.
Anal. Calcd for CjgH^Cl^NOgi C, 55.901 H, 4.69j 
N, 3.62. Foundi C, 55.90} H, 4.84; N, 3.47.
6?
2-Methyl-5-nitroisoquinolinium Iodide {22) * The above 
procedure with 5-nitroisoquinoline and methyl iodide gave j.2 g 
(83f») of 22 as orange needles, mp 196-198°d (ethanol-isopro- 
panol), lit,78 mp 188-190°d; ir (#11495. KBr; 2950 (m), I63O 
(m), 1330 (s), 1350 (s). 1285 (m), 1175 (m), 1015 (w), 925 (w), 
»55 (w;, 840 (w), 820 (m), 800 (w), 750 (m).
2-Benzyl-5-nitroisoquinolinium Bromide (^4). The above
procedure with 5-nitroisoquinoline and benzyl bromide gave 
5.1 g (74$) of 2H as a yellow-green solid, mp 214-219°d (aceto- 
nitrile)j ir (#11465, KBr) Appendix, A-4.
Anal. Calcd for C16H13BrN202 i C, 55.66; H, 3*79*
N, 8.11. Foundi C, 55.55l H, 3.84; N, 8.19.
2-(4*-Methoxybenzyl)-5-nitroisoquinolinium Bromide (35;» 
The above procedure with 5-nitroisoquinoline and 20 gave 5.6 g 
(757«) of 22 as deep gold needles, rap 197-199°d, after recrys­
tallization from acetonitrile-ethyl acetate; ir (#11548, KBr) 
Appendix, A-5*
Anal. Calcd for C ^ H ^ B r N g O y  C, 54.41; H, 4.02;
N, 7.46. Foundi C, 5^.16; H, 3.»7l N, 7.65.
2-(3' ^ ‘-DimethoxybenzyD^-nitroisoquinolinium Bro­
mide (36). The above procedure with 5-nitroisoquinoline and
21 gave 7.1 g (88$) of ^6 as an orange solid, mp 217-218°d 
(ethanol-water); ir (#11564, KBr) Appendix, A-6.
Anal. Calcd for CjgHj^BrNgO^» C, 53.34; H, 4,22;
N, 6.91. Foundi C, 53*22; H, 4.13» N, 6.70.
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General Procedure for the Preparation of 1.2.3.4- 
Tetrahydroisoquinolines. In a 125 ml Erlenmeyer flask was 
placed 0,01 mol of the appropriately substituted isoquino- 
linium salt dissolved in 75 ml of ethanol. Sodium borohydride 
(1,8 g, 0,05 mol) was slowly added, and the reaction mixture 
was stirred at room temperature overnight. The excess sodium 
borohydride was decomposed with 10fo hydrochloric acid, and the 
solution was concentrated. The residue was dissolved in 200 
ml of water. The solution was filtered, and the filtrate was 
made basic with sodium bicarbonate. The aqueous solution was 
extracted three times with 50 ml of ether, and the combined 
ether extracts were dried over anhydrous potassium carbonate. 
After filtration and evaporation of the ether solution, spec­
tral and analytical data were obtained on the resulting base.
If the product was an oil, the hydrochloride was prepared by 
bubbling hydrogen chloride gas through an etheral solution of 
the base, and an analytical sample was prepared from the 
resulting solid.
2-Methyl-l,2,3,4-tetrahydroisoquinoline (38). The
above procedure with 2j> gave 0.8 g (5**#) of ^8 as a yellow
oil, the hydrochloride of which melted at 225-227°(isopropanol- 
ether), lit.^ mp 228°j uv max (#847, CH^OH) hydrochloride 
270 nm (€240), 263 nm (€250); ir (#11581, film) 2950 (m),
2800 (s), 1495 (w), 1450 (m), 1390 (s), 1295 (m), 1260 (w),
1250 (w), 1140 (m), 1100 (s), 1040 (m), 990 (w), 945 (s),
850 (w), 745 (b)j nmr (#14760, DCCl.^) 6 7.05 (m, 4H)f 3.51 
(s, 2H), 3.04-2.46 (m, 4H), 2.37 (s, 3H).
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2-Methyl-5-nitro-l, 2,3»4-tetrahydroisoquinoline (j>2) •
The above procedure with 22 Save 1*2 g (65%) of 22 as a yel­
low oil, the hydrochloride of which melted at 274° (ethanol- 
water), lit,^y mp 260°i uv max (#854, CH^OH) hydrochloride 
235 nm (65000); ir (#11540, film) 2950 (m), 2800 (m), 1650 (w), 
1530 Is), 1460 (s), 1350 (s), 1290 (m). 1240 (w), 1195 (w),
1130 (s), 1050 (m), 1000 (m), 970 (m), 915 (m), 845 (s), 815
(b), 780 (w), 740 (b)1 nmr (#14609, UCClj) 6 7.43 (m, 1H),
7.00 (s, 1H), 6.93 (s, 1H), 3.44 (s, 2H), 3.15-2.35 (m, 4H), 
2.30 (s, 3H).
2-Benzyl-l,2,3,4-tetrahydroisoquinoline (39). The 
above procedure with 26 gave 1.8 g (80^) of 22 as a light yel­
low oil, the hydrochloride of which melted at 208-209° (etha- 
nol-ether), lit.00 mp 199-202°; uv max (#846, CH^OH) hydro­
chloride 270 nm (€310), 267 nm (6400), 261 nm (6550) 256 nm 
(6480); ir (#113^4, film) 2950 (m), 2800 (m), 2700 (m).
1500 (s), 1460 (s), 1360 (m), 1340 (m), 1305 (w), 1275 (w),
1240 (w), 1195 (w), 1140 (m), 1095 (m), 1060 (w), 1055 (m),
980 (w). 935 (s), 860 (w), 820 (w), 7^5 (b), 700 (b); nmr 
(#12058, DCCl-j) 6 7.02 (m, 5H0, 6.75 (m, 4H), 3.47 (s, 2H),
3.44 (s, 2H), 2.92-2.35 (m, 4H).
2-(21,6'-Dichlorobenzyl)-1.2.3.4-tetrahydroisoquino- 
line (4£). The above procedure with 27 gave 1.4 g (48%) of
40 as a white solid, mp 87-88° (ethanol); uv max (#1026, CH^OH)
271 nm (6700), 263 nm (6750); ir (#11485, KBr) Appendix, A-7»
nmr (#12170, DCCl^) Appendix, B-l,
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Anal. Calcd for C^Hj^ClgNi C, 65.76; H, 5*17;
N, 4.79, Foundi C, 65.84; H, 5.16* N, 4.82.
2-(41-Methoxybenzyl)-1.2,3.4-tetrahydroisoquinoline 
(42). The above procedure with 2£ gave 1.1 g (45#) of 42 as 
a clear oil, the hydrochloride of which melted at 208-210° 
(isopropanol); uv max (#1024-, CH^OH) 270 nm (€1500) j ir 
(#11530* film) Appendix, A-8; nmr (#14594, DCCl^) Appendix B-2.
Anal. Calcd for C17H20C1N0« C, 70.45i H, 6.95;
N, 4.83. Foundi C, 70.43; H, 7.02; N, 4.93.
2- (3 *. 4 * -.Dimethoxybenzyl) -1,2,3.4-tetrahydroisoquino- 
line (fj4). The above procedure with 2£ gave 2.0 g (71#) of
44 as a clear oil, the hydrochloride of which melted at 219-
221° (isopropanol-ether); uv max (#1025, CH^OH) hydrochloride
276 nm (€3200); ir (#11507, film) Appendix, A-9; nmr (#14704,
DCCl^) Appendix, B-3.
Anal. Calcd for C^gH22ClN02.0.25 HgOt C, 66.65;
H, 6.99; N, 4.32. Foundi C, 66.96; H, 7.00; N, 4.28.
2-Benzyl-6.7-dimethoxy-1,2,3,4-tetrahydroisoquinoline
(48). The above procedure with 21 gave 2.8 g (100#) of 48 as
a white solid, mp 87-89° (hexane-benzene), lit.77 mp 88-90°;
uv max (#84-2, CH^OH) 284 nm (€3800); ir (#11482, KBr) 2800 (m),
1600 (m), 1520 (s), 1470 (s), 1390 (w), 1375 (m), 1350 (m),
1320 (w), 1295 (m), 1260 (s), 1240 (s), 1145 (s), 1105 (m),
1030 (m), 995 (w), 975 (w), 865 (m), 800 (m), 760 (m), 745 (m),
700 (w); nmr (#12184, JJCCI3) 6 7.32 (s, 5H), 6.58 (s, 1H), 3.80
(s, 3H, 3.77 (s, 3H), 3.66 (s. 2H), 3.53 (s, 2H), 2.76 (s, 4H).
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2-(2 *,6 *-Uichiorobenzyl)-6,7-dimethoxy-l, 2 , 3 tetra­
hydroisoquinoline (4-9). The above procedure with ^2 gave
2.5 g (70%) of 49 as a white solid, mp 136-140°(ethanol) ; 
uv max (#1027, CH^OH) 370 nm (€100), 200 nm (€3900)j ir 
(#11401, KBr) Appendix, A-lOj nmr (#12105, DCCl^) Appendix, 
B-4.
Anal. Calcd for CiaH19Cl2N02 : C, 61.37; H, 5.^3;
N, 3.97. Foundi C, 61.57; H, 5.20; N, 3.97.
2-Benzyl-5-nitro-l,2,3,4-tetrahydroisoquinoline (^ 4). 
The above procedure with J34 gave 1.3 g (50%) of ^4 as a 
yellow oil, the hydrochloride of which melted at 232-236°d 
(acetonitrile); uv max (#053, CH^OH) hydrochloride 256 nm 
(€5500); ir (#11462, film) Appendix, A-ll; nmr (#12030,
DCCl^) Appendix, B-5.
Anal. Calcd for ClfoH^r,ClN202,0,25 HgOi C, 62.13j
H, 5.70; N, 9.05. Foundi C, 61,91; H, 5.56; N, 9.07.
Z - m ’x M X h v x y b e n z y D -5.-ni.tro-l ,2.3 .a-.tetrahydLro- 
isoquinoline (55). The above procedure with gave 2.3 g 
(76%) of 5£ as a light brown oil, the hydrochloride of which 
melted at 223-225°d (acetonitrile); uv max (#052, CH^OH) 
hydrochloride 257 nm (€5700); ir (#11539, film) Appendix,
A-12; nmr (#14600, DCCl^) Appendix, B-6.
Anal. Ceded for C1,pH19ClN20^*0.25 H20 i C, 60.17;
H, 5.79; N, 0.26. Foundi C, 60.50; H, 5.70; N, 0.26.
2-(31,^ 1-Dime thoxybenzyl)-5-nitro-l,2,3,4-tetrahydro-
isoquinoline (56). The above procedure with 1^6 gave 0.6 g
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(25£) of 56 as a red oil, the hydrochloride of which melted 
at 268°d* uv max (#855. CH.j0H) hydrochloride 235 nm (€11,500) j 
ir (#11566, film) Appendix, A-13l nmr (#14705. DCCl^)
Appendix, B-7.
Anal. Calcd for Ci8H2lC1N2°4' C, 59.25* H, 5.80»
N, 7.68. Foundi C, 59.48» H, 5.74* N, 7.58.
Preparation of 1,2,3,4-Tetrahydroisoquinoline (37). 
Concentrated hydrochloric acid was added to a solution of 
10 g (0.08 mol) of isoquinoline in 100 ml of ethanol until 
the solution was acidic to pH paper. Platinum oxide (0.2 g) 
was added and the mixture was hydrogenated in a low pressure 
Parr hydrogenation apparatus. After 10 hr there was an up­
take of 13 psi of hydrogen (theoretical = 14 psi) and the 
reaction was stopped. The catalyst was removed by filtration 
and the filtrate was evaporated to yield a gray solid. One 
recrystallization of the solid from isopropanol gave 9.2 g 
(70%) of 37*HC1 as a white solid, mp 197-200°, lit.^ mp 195- 
197°. The hydrochloride of 2Z was dissolved in water and 
the solution was made basic with sodium hydroxide. The base 
was extracted into three 25 ml portions of ether and the com­
bined ether extracts were dried over anhydrous barium oxide. 
After filtration and evaporation of the filtrate, 6.4 g (62$) 
of 22 as a clear oil remained* ir (#11387, film) 3300 (m),
3000 (m), 2900 (s), 1495 (s), 1450 (s), 1305 (m), 1260 (w),
1230 (w), 1190 (w), 1150 (s), 1040 (m), 965 (m), 950 (m),
750 (b)f nmr (#12242, DCC13) 6 7.22-6.72 (ra, 4H), 3.84 (s, 2H),
3.11-2.46 (m, 4H), 1.82 (s, 1H). This oil was used without 
further purification.
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Preparation of 6.7-Dimethoxy-1.2«3i4-Tetrahydroiso- 
quinoline (^6). To 19*2 g (0.1 mol) of 6,7-dimethoxy-3,4- 
dihydroisoquinoline dissolved in 200 ml of ethanol was added 
concentrated hydrochloric acid until the solution was acidic 
to pH paper. Platinum oxide (0*3 g) was added and the mix­
ture was hydrogenated in a low pressure Parr hydrogenation 
apparatus. After 1 hr there was an uptake of 17 psi of hy­
drogen (theoretical = 18 psi) and the reaction was stopped.
To dissolve the hydrochloride of that had precipitated 
during the reaction. 200 ml of ethanol was added, the solu­
tion was heated, and the catalyst was removed by filtration. 
On cooling the filtrate, 19*1 g (83)5) of 46»HC1 as a white 
solid, mp 254-256°d (ethanol), lit.02 mp 251-252°. crystal­
lized. The hydrochloride of 46 was dissolved in water and 
the solution was made basic with sodium hydroxide. The base 
was extracted into three 25 ml portions of benzene and the 
combined benzene extracts were dried over anhydrous barium 
oxide. After filtration and evaporation of the filtrate, 46 
remained as a white solid, mp 84-87° (ethanol-petroleum 
ether), lit.02 mp 84-85°i ir (#11483. KBr) 3300 (m), 2950 (m), 
2800 (m), 1600 (m), 1510 (s), 1480 (b), 1370 (m), 1300 (w), 
1265 (s), 1240 (s), 1100 (s), 1015 (m), 930 (w), 910 (w),
860 (s), 815 (s)| nmr (#12327, DCC13) 6 6.3^ (s, 1H), 6.26 
(s, 1H), 3.75 (s, 2H), 3.67 (s, 6H), 3.15-2.40 (m, 4H),
1.86 (s, 1H).
General Procedure for the Preparation of 2-(Nitro- 
benzyl)-1.2.3t^-tetrahydroisoquinolines. Sodium hydride
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(1.3 g, 0.03 mol)of in oil was washed with two portions of 
pentane and the pentane was discarded. The appropriately 
substituted 1,2,3,4-tetrahydroisoquinoline (0.02 mol) dis- 
solved in 50 ml of dry glyme was added dropwise to the stirred 
slurry of sodium hydride in 25 ml of glyme. After stirring 
at room temperature for 1 hr, 0.02 mol of methyl iodide or 
the appropriately substituted nitrobenzyl bromide dissolved in 
25 ml of glyme was added dropwise over a 0.5 hr period. After 
stirring the slurry at room temperature for an additional 2 
hr, the excess sodium hydride was decomposed with acetic acid. 
The mixture was concentrated, water was added, the acidic 
solution was made basic with sodium bicarbonate, and the aque­
ous solution was extracted three times with 25 ml of ether.
The combined ether extracts were dried over anhydrous sodium 
sulfate and filtered, and the filtrate was evaporated to 
yield the base.
2-Methyl-6.7-dime thoxy-1.2.3.4-tetrahydroisoquinoline 
(47). The above procedure with 46 and methyl iodide gave
2.5 g (61%) of 4£ as a white solid, mp 72-75° (hexane), 
lit.79 mp 75-77°, the hydrochloride of which melted at 204- 
208° (isopropanol), lit.79 mp 215°» uv max (#832, 1023, CH^OH) 
base 282 nm (€4000), (#831, 865, CH^H) hydrochloride 283 nm
(€3400)i ir (#11500, KBr) 3*K>0(m), 2950 (m), 2800 (m),
1600 (m), 1515 (s), 1480 (s), 1380 (m), 1360 (m), 13*K> (w),
1270 (s), 1230 (s), 1200 (w), 1150 (s), 1115 (s), 1070 (w),
1025 (s), 9^5 (w), 910 (b), 845 (b), 800 (m), 755 (m)» nmr 
(#11452, DCC13) 6 6.39 (s, 1H), 6.31 (s, 1H), 3.72 (s, 6H),
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3.38 (s. 2H), 2.80-2.46 (in, 4H), 2.35 (s, 3H).
2-(41-Nitrobenzyl)-1,2,3,4-tetrahydro isoquinoline (41). 
The above procedure with 2Z £-nitrobenzyl bromide gave
4.0 g (75^) of 41 as a white solid, mp 59-01° (petroleum 
ether), the hydrochloride of which melted at 245-248°d (etha­
nol); uv max (#1035. CH30H) base 265 nm (€11,100), (#860,
CH^OH) hydrochloride 256 nm (€11,100); ir (#11488, KBr)
Appendix, A-14; nmr (#12279, DCCl^) Appendix, B-8,
Anal. Calcd for C^Hj^NgOg1 G' 6.01;
N, 10.44. Foundi C, 71.70; H, 6.06; N, 10.34.
2-(2',4'-Dinitrobenzyl)-1,2.3.4-tetrahydroisoquino­
line (42). The above procedure with 2Z a*1** 22 gave 1.8 g 
(27%) of 42 as orange needles, mp 112-113° (ethanol); ir 
(#11489, KBr) Appendix, A-15» nmr (#12308, DCC13) Appendix,
B-9.
Anal. Calcd for ci6H15N304' C* ^1•331 H, 4.82;
N, 13.41. Foundi C, 61.62; H, 5.00; N, 13.33.
The hydrochloride was isolated as a white solid, mp 181- 
191° (isopropanol); uv max (#859, CH30H) hydrochloride 
235 nm (€17,800).
2- (4' -Nitrobenzyl) -6,7-dime thox.y-1.2,3,4-tetra- 
hydroisoquinoline (^0). The above procedure with 46 and j>-
nitrobenzyl bromide gave 2.3 g (35^) of 52 as a pale yellow 
solid, mp 119-121° (ethanol), the hydrochloride of which 
melted at 231-233°d (ethanol); uv max (#833. CH30H) base 
276 nm (€12,000), (#829, 861, CH30H) hydrochloride 260 nm
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(€11,300), 235 nm (€11,000)j ir (#11498, KBr) Appendix, A-16j 
nmr (#12333* DCCl-j) Appendix, B-10.
Anal. Calcd for CjgH^NgO^i C, 65.«5» H, 6 . l4 j
N, a .53. Foundi C, 65.74j H, 6 .1 1» N, 8.48.
2-(2',4 *-Dinitrobenzyl)-6,7-dimethoxy-1.2.3.4-tetra- 
hydroisoquinoline (J?l). The above procedure with 46 and 23 
gave 3.5 g (45$) of £1 as a yellow solid, mp 55-79° (ethanol), 
which slowly decomposed on standing. The hydrobromide 
melted at 208-212°d (ethanol)j uv max (#838, 862, CH^OH) 
hydrobromide 232 nm (€24,800)1 ir (#11499* KBr) hydrobromide 
Appendix, A-17i nmr (#12614, DCCl^) Appendix, B-ll.
Anal. Calcd for C ^ H ^ B r N ^ i  C, 47.581 H, 4.43»
N, 9.24. Foundi C, 47.49i H, 4.35; N, 9.59.
Preparation of 2,2-Dimethyl-1.2.3.4-tetrahydroiso- 
quinolinium Iodide (57). A solution of 0.49 g (3.3 mmol) of 
2-methyl-l,2,3,4-tetrahydroisoquinoline and 2.9 g (10 mmol) 
of methyl iodide in 5 ml of diethylether was let stand over­
night at ambient temperature. The resulting white solid was 
collected by filtration and recrystallized from isopropanol 
to give a quantitative yield of j>7, mp 191-193°, lit.0^ 
mp 191°; ir (#12755, KBr) 3000(w), 1460 (b), 1020 (w), 980 (w), 
920 (s), 770 (s), 750 (m)1 nmr (#15312, D20) 6 7.30 (m, 4H), 
4.51 (s, 2H), 3.65 (m, 2H), 3.16 (s, 8H).
General Procedure for the Preparation of Amides of
1.2.3.4-Tetrahydroisoquinolines. A mixture of 0.15 mol of the
1.2.3.4-tetrahydroisoquinoline and 0.17 mol of an acid
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chloride was vigorously stirred in 25 mi of aqueous sodium 
hydroxide.for 1 hr. The mixture was then extracted three 
times with 25 ml of methylene chloride and the combined ex­
tracts were washed twice with 25 ml of 5% aqueous sodium 
hydroxide, once with 25 ml water, twice with 25 ml IN hydro­
chloric acid, and once with 25 ml water. The methylene 
chloride solution was dried over anhydrous potassium carbon­
ate and evaporated to yield the amide.
2-Benzoyl-l,2,3,4-tetrahydroisoquinoline (56)» The 
above procedure with JJ7 and benzoyl chloride gave 3*2 g (937*) 
of 5» as a yellow oilj04 ir (#12720, film; 3050 (m), 2960 (m), 
1660 (s), 14-50 (s), 12B0 (s), 1160 (m), 1130 (m), 1060 (m),
1000 (m), 94-5 (m), 04-0 (w), 600 (m), 750 (b); nmr (#15204-,
DCC13) 6 7.30 (s, 5H), 7.06 (s, 4-H), 4.67 (s, 2H), 3.67 (m, 2H), 
2.b0 (m, 2H)•
2- (4-' -Nitrophenace tyl)-1,2,3.4--tetrahydroisoquinoline 
(59). The above procedure with 2Z 311(1 £-nitrophenacetyl 
chloride gave 2.4- g (55%) of 59 as a yellow solid, mp 139- 
140° (isopropanol)j ir (#12736, KBr) Appendix, A-lb; nmr 
(#15295» DCC13) Appendix, B-12.
Anal. Calcd for C ^ H ^ N g O y  C, 6b,90j H, 5.44»
N, 9.4-5. Foundi C, 6b.b7i H, 5.44j N, 9.4-5.
2- (4' -Nitrophenace tyl) -6,7-dimethoxy-l, 2,3.4-- tetra- 
hydroisoquinoline (60). The above procedure with 46 and £- 
nitrophenacetyl chloride gave 4.2 g (79%) of 60 as a tan solid, 
mp 92-94-° (ethyl acetate-diethyl ether) j ir (#12737» KBr)
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Appendix, A-19J nmr (#15296# DCCl^) Appendix, B-13.
Anal. Calcd for C ^ H ^ N g C y  C, 64.03; H, 5.65;
N, 7.»6. Foundi C, 64.14; H, 5.74; N, 8.22.
Preparation of 2-CP-(V-Nitrophenyl)ethyl]-l,2,3,4-
tetrahydroisoquinoline (45)• Compound 4£ was prepared by the
30
method of B r o w n . A  solution of 1.9 g (13 mmol) of boron 
trifluoride etherate in 15 ml of tetrahydrofuran was added 
dropwise over a period of 0.5 hr to a stirred slurry of 1.5 g 
(5 mmol) of 2- (4'-nitrophenylacetyl)-1,2,3,4-tetrahydroiso­
quinoline (59) and O.38 g (10 mmol) of sodium borohydride in 
40 ml of tetrahydrofuran at 0-5° under a nitrogen atmosphere. 
The slurry was then heated under reflux for 1.5 hr and, 
after cooling, the excess borane was decomposed with 10fa 
hydrochloric acid. The solution was concentrated, and the 
residue was partitioned between 50 ml of ether and 100 ml of 
water. The ether layer was dried over potassium carbonate 
and then hydrogen chloride gas was bubbled into the solution. 
The resulting salt was collected by filtration and recrystal­
lized from ethanol to yield 1.1 g 169J&) of 4£»HC1 as yellow 
needles, mp 252-256°d.
The base was prepared by dissolving the salt in 
water and making the aqueous solution basic with a saturated 
solution of sodium bicarbonate. The resulting solid was 
collected by filtration and recrystallized from ethanol to 
give 45, mp 105-107°i uv max (#1036, CH^OH) base 271 nm 
(€11,200), (#872, CH^OH) hydrochloride 264 nm (€10,900); 
ir (#12967, KBr) Appendix, A-20; nmr (#16030, DCCl^) Appendix, 
B—14.
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Anal. Calcd for C, 72.32j H, 6.43i
N, 9.92. Foundi C, 72.00j H, 6.41j N, 9.73.
Preparation of 2-C3-(^’-Nitrophenyl)ethyl]-6,7- 
dime thoxy-1 ,2,3,4-tetrahydroisoquinoline (52). Compound 52 
was prepared from 60 by the method of Brown*^ as described 
above. The hydrochloride, mp 228-230°d (isopropanol), was 
obtained in 40% yield. The base was prepared as above and 
was recrystallized from ethanol to give j>2, mp 119-120° j 
uv max (#1034, CH-jOH) base 280 nm (€14,100), (#871, CHjOH) 
hydrochloride 273 nm (€12,100)1 ir (#12980, KBr) Appendix, 
A-21| nmr (#16051, DCCl^) Appendix, B-15.
Anal. Calcd for C * 66.65i H, 6.48}
N, 8.18. Foundi C, 66.69» H, 6.54} N, 8.29.
Preparation of a,a-Dideutero-2-benzyl-l,2,3.4- 
tetrahydroisoquinolinium Hydrochloride (61). A slurry of 
0.4? g (2.0 mmol) of 2-benzoyl-l,2,3,4-tetrahydroisoquinoline 
and 0.10 g (2.4 mmol) of lithium aluminum deuteride in 40 ml 
of anhydrous diethylether were heated under reflux overnight. 
The excess lithium aluminum deuteride was decomposed with 
water, the mixture was filtered, and the filtrate was dried 
over anhydrous potassium carbonate. Hydrogen chloride gas 
was bubbled through the ether solution, and the resulting oil 
crystallized to a white solid when triturated with an ethanol-
ether mixture. A yield of 0.4 g (77%) of 61, mp 204-206°,
was obtainedj ir (#12753. KBr) hydrochloride Appendix, A-22| 
nmr (#15317. D20) Appendix, B-16.
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Preparation of 2.6-Dichlorobenzylhexamethylene- 
tetraminium Chloride (62). A solution of 67.2 g (0.3** mol) 
of 2,6-dichlorobenzyl bromide and 32.0 g (0.37 mol) of hexa- 
methylenetetramine in 400 ml of chloroform was allowed to 
stand at ambient temperature for 24 hr. The white solid 
which precipitated was collected by filtration and dried to 
yield 100 g (89%) of 62, mp 203°d (ethanol)» ir (#13326, KBr) 
1600 (b), 1500 (m), 1460 (s), 1440 (s), 1270 (s), 1215 (m), 
1110 (s), 1040 (s), 1000 (s), 935 (s), 825 (s), 800 (b),
730 (m).
Preparation of £-Nitrobenzylhexamethylenetetraminium 
Bromide (6^). Hexamethylenetetramine (27*6 g, 0.2 mol) and 
£-nitrobenzyl bromide (43.2 g, 0.2 mol) were dissolved in 
500 ml of acetone and 50 ml of ethanol and the solution was 
heated under reflux for 1 hr. After cooling the solution, a 
solid precipitated and the resulting pale yellow solid was 
collected by filtration, washed with acetone and dried to
D  ff
yield 68.6 g (97?*) of 62, mp 176-177°d, lit. mp 168°» 
ir (#12957, KBr) 1600 (m), 1520 (s), 1370 (s), 1280 (s),
1120 (m), 1050 (s), 1020 (b), 945 (m), 900 (m), 860 (s),
820 (b), 785 (s), 755 (s), 705 (b).
Preparation of 1,3,5-Tris(^-nitrobenzyl)hexahydro-s- 
triazine (64). Compound 64 was prepared according to the 
procedure of Grayraore. £-Nitrobenzylhexamethylenetetraminium 
bromide (60 g, 0.17 mol) was dissolved in 300 ml of water and 
60 ml of concentrated ammonium hydroxide and the solution was 
heated under reflux for 1.5 hr. The solution was cooled and
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the orange-brown solid which precipitated was collected by 
filtration and dried. The solid was then ground and recrys­
tallized from benzene to yield 25*2 g (90$) of 64 as tan 
needles, mp 156-159°. lit.86 mp 15«°l ir (#12944, KBr) 1600 (m), 
1520 (s), 1360 (s), 1180 (m), 1010 (m), 925 (s), 850 (m),
740 (m)i nmr (#15659. DCCl^) 6 7.79 (AB, JAfi = 8.5 Hz,
AvAB = 35,5 Hz» 12H)» 3,83 (s» 6H,» 3,50 (s» 6H)*
Preparation of 2,fe-Dichlorobenzylamine Hydrochloride 
(65). Compound 6£ was prepared by the procedure of Morley.8^
A mixture of 67.0 g (0.2 mol) of 2,6-dichlorobenzylhexa- 
methylenetetraminium chloride in 150 ml of 6N hydrochloric 
acid was subjected to steam distillation. After 1 1. of dis­
tillate was collected, the pot residue was concentrated to 
yield a white solid. This solid was recrystallized from 
ethanol to give 23.0 g (54^) of 65, mp 256-258, lit.8*7 mp 
237-236°» ir (#13^19. KBr) 3000 (b), 1560 (b), 1490 (s),
1415 (m), 1200 (m), 1160 (m), 890 (b), 775 (s)» nmr (#966,
D20) 6 7.60 (m, 3H), 4.15 (s, 2H).
Preparation of g-Nitrobenzylamine Hydrochloride (66). 
Compound 66 was prepared according to the procedure of
u c
Graymore. 1 ,3»5-Tris(£-nitrobenzyl)hexahydro-s-triazine 
(24.0 g, 4.9 mmol) was dissolved in 350 ml of water and 40 ml 
of concentrated hydrochloric acid. Steam distillation (1 1. 
of distillate) removed most of the formaldehyde, and the solu­
tion on concentration gave *. yellow solid. This solid was 
recrystallized from water to yield 19.7 g (72?&) of j>-nitro- 
benzylamine hydrochloride, mp 267-269°d, lit.88 mp 256° j
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ir (#12868, KBr) 3000 (b), 1600 (s), 1530 (s), 1350 (s),
1100 (s), 1020 (w), 910 (m), 860 (s), 785 (w), 750 (s), 740 (s), 
700 (s){ nmr (#15814, DgO) 6 7.83 (AB, = 9.0 Hz, A v Afi =
32.0 Hz, 4H), 4.27 (s, 2H).
Preparation of g-Nitrophenylacetamide (67). g-Nitro- 
phenylacetic acid (18.1 g, 0.1 mol) was heated under reflux 
in 75 ml of thionyl chloride for 1.5. hr. The excess thionyl 
chloride was removed by distillation under reduced pressure 
and the acid chloride was then added in portions to a stirred 
solution of 150 ml of cold concentrated ammonium hydroxide.
The resulting solid was collected by filtration, washed with 
water and recrystallized from acetonitrile to yield 15.7 g 
(87fo) of 67 as tan needles, mp 197-199°. lit.0a mp 196-197.5°* 
ir (#12870, KBr) 36OO (s), 1670 (s), 1550 (s), 1430 (m),
1360 (s), 1120 (w), 885 (m), 825 (m), 750 (m), 720 (s)» nmr 
(#15827, d6-DMS0) 6 7.72 (AB, = 8.5 Hz, A va b = 38.0 Hz,
4H), 3.41 (S, 2H)•
Preparation of P-(4-Nitrophenyl)ethylamine Hydro- 
chloride (68). Compound 68 was prepared by the method of 
Brown.^ To a slurry of 14.4 g (0.08 mol) of j>-nitrophenyl- 
acetaraide in 100 ml of tetrahydrofuran was added 200 ml 1M 
borane in tetrahydrofuran dropwise under a nitrogen atmosphere 
at ice bath temperature over a 0.5 hr period. The stirred 
mixture was heated under reflux overnight, and the excess 
borane was decomposed with 10f. aqueous hydrochloric acid. The 
solution was made basic with 10fo aqueous sodium hydroxide and 
concentrated, and the residue was partitioned between 200 ml
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of water and 100 ml of diethylether. The aqueous layer was 
washed twice with 30 ml of ether and the combined ether ex­
tracts were dried over barium oxide. After filtration, the 
ether solution was treated with hydrogen chloride gas and the 
salt which precipitated was collected by filtration and re­
crystallized from ethanol to yield 10.7 g (73?&) of 6b as pale 
yellow needles, mp 213-215°, lit.b9 mp 209-210°j ir (#12975, 
KBr) 3000 (b), 1530 (s), 1330 (s), 1250 (m), 1110 (m), 960 (m), 
bb5 lm), b60 (m), 825 (m). 750 (s)» nmr (#16053# I>20) 6 7.55 
(AB, = 8.5 Hz, A v ab = 30.0 Hz, 4H), 3.15 (m, 4H).
General Procedure for the Preparation of 3,^-Pihydro- 
1,3,2H-benzoxazines. To a solution of 0.10 g (0.0018 mol) of 
potassium hydroxide in 5 ml of methanol was added 6,6 g 
(0.066 mol) of 91 fo paraformaldehyde and the mixture was warmed 
to effect solution. After cooling the solution in an ice bath, 
0.10 mol of a phenol dissolved in 10 ml of methanol and 0,10 
mol of an amine dissolved in 10 ml of methanol were added.
The stirred mixture was heated under reflux under nitrogen for 
1 hr. The solution was evaporated and the residue was dis­
solved in 200 ml of methylene chloride. The organic layer was 
washed with 100 ml of water, twice with 50 ml of aqueous 
sodium hydroxide and finally with 100 ml of water. After dry­
ing the methylene chloride solution over anhydrous magnesium 
sulfate, the solution was evaporated to yield an oil which 
slowly crystallized on standing. The solid was then recrys­
tallized and all analytical, physical and spectral data were 
obtained.
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3.4-Dihydro-3-benzyl-6-methoxy-l,3»2H-benzoxazine (70). 
The above procedure using £-methoxyphenol and benzylamine
gave 10.5 g (41$) of 70 as a white crystalline solid, mp 73- 
75° (hexane), lit.*0 mp 74-75°» uv max (#1030, CH^OH) 293 nm 
(€3700)» ir (#12866, KBr) 2950 (w), 1500 (s), 1440 (m),
1280 (s), 950 (s), 880 (m), 840 (m), 810 (s), 770 (m), 745 (b), 
700 (b) i nmr (#15731» DCCl-j) 6 7.22 (s, 5H), 6,67 (m, 2H),
6.38 (m, 1H), 4.71 (s, 2H), 3.82 (s, 4H), 3.00 (s, 3«).
3.4-Dihydro-3-(B-phenethyl)-6-methoxy-1.3.2H-benzoxa- 
zine (72). The above procedure using £-methoxyphenol and 0- 
phenethylamine gave 17.0 g (63$) of £2 as a white solid, mp 72- 
74° (ethanol), lit,18 mp 73-74°i uv max (#1031, CH30H) 293 nm 
(€3600)1 ir (#12869, KBr) 2950 (ra), 1600 (w), 1500 (s),
1470 (m), 1340 (m), 1315 (m), 1270 (m), 1200 (s), 1140 (s),
1050 (s). 975 (w), 945 (s), 920 (s), 890 (s), 865 (s), 820 (s),
755 (b). 705 (b)j nmr (#15730, DCC13) 6 7.14 (s, 5H), 6.63 
(d, 2H), 6.42 (m, 1H), 4.76 (s, 2H), 3.93 (s, 2H), 3.67 (s,
3H), 2.90 (m, 4H).
3.4-Dihydro-3-(4 *-nitrobenzyl)-6-methoxy-1,3,2H- 
benzoxazine (71). The above procedure using £-methoxyphenol 
and £-nitrobenzylamine gave 11.6 g (39$) of £L as pale yellow 
needles, mp 90-92° (methanol)i uv max (#1032, CH30H) 270 nm 
(€10,700)i ir (#12872, KBr) Appendix, A-23j nmr (#15734,
DCC13) Appendix, B-17.
Anal. Calcd for C ^ H ^ O ^ *  C, 63.99» H, 5.37;
N, 9.33. Foundt C, 63.88, H, 5.32, N, 9.40.
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3.4-Dihydro-3-[P-(4'-nitrophenyl)ethyl]-6-methoxy- 
l,3,2H-benzoxazine (72). The above procedure using £- 
methoxyphenol and P-(£-nitrophenyl)ethylamine gave 20.4 g 
(65#) of 72 as pale yellow crystals, mp 65-86° (methanol)i 
uv max (#1033* CILjOH) 279 nm (€11,800); ir (#13190, KBr) 
Appendix, A-24; nmr (#652, DCCl^) Appendix, B-18.
Anal. Calcd for 7Hl8N2°^f1 C* ^•95* H » 5*77$
N, 8.91. Foundi C, 64.90; H, 5.76; N, 9.26.
3.4-Dihydro-3-(2', 6'-dichlorobenzyl)-6-methoxy- 
l,3,2H-benzoxazine (74). The above procedure using £- 
methoxyphenol and 2,6-dichlorobenzylamine gave 4.7 g (36#) 
of 74 as a white solid, mp 137-139° (acetonitrile); uv max 
(#1041, CH30H) 291 nm (€2800); ir (#13422, KBr) Appendix,
A-25; nmr (#976, d^-DMS0) Appendix, B-19.
Anal. Calcd for Cl6H15Cl2N02 i C, 59.27; H, 4.66;
N, 4.32. Foundi C, 59*331 H. 4.58; N, 4.68.
3.4-Dihydro-3-benzyl-6-methyl-l,3,2H-benzoxazine (7£)• 
The above procedure using £-methylphenol and benzylamine gave 
12.9 g (54#) of 72 as a white solid, mp 70-72° (methanol), 
lit.18 mp 71-72°; ir (#12936, KBr) 2950 (w), 1500 (s),
1330 (m), 1225 (m), 1020 (w), 1000 (m), 950 (s), 920 (m),
875 (w), 830 (s), 740 (s), 700 (b); nmr (#15834, DCC13) 6
7.23 (s, 5H), 6.70 (m, 3H), 4.75 (s, 2H), 3.83 (s, 4H),
2.20 (s, 3H).
Preparation of 3,4-Dihydro-3-methyl-6-methoxy-1.3.2H- 
benzoxazine (69). To a cold solution of 18.5 g (0.23 mol) of
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37# aqueous formaldehyde was added 12.4 g (0.10 mol) of 4- 
methoxyphenol dissolved in 40 ml of ethanol and then 10.3 g 
(0.1 mol) of 30# aqueous methylamine. The stirred solution 
was heated under reflux under a nitrogen atmosphere for 2 hr. 
After cooling, the solution was partitioned between 200 ml 
of methylene chloride and 200 ml of water. The organic 
layer was washed three times with 100 ml of 5# aqueous sodium 
hydroxide and once with 100 ml of water, dried over anhydrous 
magnesium sulfate, and evaporated to yield a tan oil. The 
residual oil was chromatographed on 30 g of basic alumina and 
eluted with hexane. The resulting oil solidified to a white 
solid when stored in the cold overnight. The solid was re­
crystallized from pentane to yield 7.8 g (44#) of 6£, mp 41- 
43°j uv max (#1029, CH30H) 290 nm (€3400)j ir (#12949, KBr) 
Appendix, A-26| nmr (#16002, DCCl^) Appendix B-20.
Anal. Calcd for C10H13N02 i C, 67.02j H, 7-311
N, 7.82. Foundi C, 67.19l H, 7.34» N, 8.02.
Preparation of 3.4-Dihydro-3-benzyl-3»6-dimethyl- 
l,3,2H-benzoxazinium Iodide (28). A solution of 1.2 g (0.003 
mol) of 3»4-dihydro-3-benzyl-6-methyl-l,3,2H-benzoxazine (73) 
in 5 ml of methyl iodide was allowed to stand at ambient 
temperature for 24 hr. During this time a white solid pre­
cipitated, and this solid was recrystallized from isopropanol 
to yield 1.9 g (100#) of £8, mp 18l-183°d| ir (#12940, KBr) 
Appendix, A-27» nmr (#273, d^-DMSO) Appendix, B-21.
Anal. Calcd for C17H20IN0t C, 53.55* H, 5.29*
N, 3.67. Foundi C, 53.45i H, 5.27i N, 3.91.
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Preparation of 3»i*-Dihydro-3t**-dibenzyl-b-methyl- 
1,3,2H-benzoxazinium Bromide (79). A mixture of 1,2 g 10.005 
mol) of 3,4-dihydro-3-benzyl-6-methyl-l,3»2H-benzoxazine (75) 
and 1.7 g (0.001 mol) of benzyl bromide was heated under a 
nitrogen atmosphere at 05° for 2 hr. The resulting yellow 
glass was triturated with ethyl acetate, and a white solid 
precipitated which was recrystallized from ethanol-ethyl 
acetate-ether to yield 1.5 g (75ft) of 72 as white crystals, 
mp 15**°l ir (#12939t KBr) Appendix, A-2dj nmr (#275, DCCl^) 
Appendix, B-22.
Anal. Calcd for C2-jH2(JBrNO»0.50 HgOi C, 65.87»
H, 6.Olj N, 3.34. Found 1 C, 65.67i H, 5.781 N, 3.60.
Preparation of 2-(Benzylaminomethyl)-*t-methylphenol 
(77). A solution of 7.2 g (0.03 mol) of 3,4-dihydro-3-benzyl 
6-methyl-l,3,2H-benzoxazine (7£) in 50 ml of ethanol was 
treated with 15 ml of concentrated hydrochloric acid, and the 
solution was allowed to stand at ambient temperature over­
night. The solution was concentrated and the residue was 
partitioned between 100 ml of methylene chloride and 100 ml 
of saturated aqueous sodium bicarbonate. After separation, 
the organic layer was washed with water, dried over anhydrous 
potassium carbonate, and evaporated to yield an oil which 
crystallized to a white solid on cooling. The solid was 
recrystallized from pentane to yield 5.0 g (73ft) of J7_ as 
white needles, mp 30-32°1 ir (#129^3. KBr) 2900 (b), 1500 (s) 
1260 (s), 1090 (w), d20 (s), 750 (b), 700 (s)1 nmr (#15938, 
DCCl^) Appendix, B-23, This solid was used without further
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purification. The product was analyzed as the hydrobromide, 
mp 184-° (isopropanol-ether)t ir (#12945, KBr) Appendix, A-29.
Anal. Calcd for C15Hl8BrNOi C, 58.45i H, 5.89*
N, 4.55. Found* C, 58.19* H, 5.65* N, 4.73.
Preparation of 3,4-Dihydro-2-£-Chlorophenyl-3-benzyl- 
6-methyl-l,3,2H-benzoxazine (26). A solution of 2*3 g (0.01 
mol) of 2-benzylaminomethyl-4-methylphenol (77) and 1.4 g 
(0.01 mol) of 2-chlorobenzaldehyde in 25 ml of benzene was 
heated under reflux for 24 hr utilizing a Dean-Stark apparatus 
to remove water. The benzene solution was then concentrated 
and the residual brown oil crystallized to a tan solid after 
cooling for three days. The solid was recrystallized from 
isopropanol to yield 2.3 g (6t>?&) of £8 as a white solid, 
mp 76-78°j ir (#12950, KBr) Appendix, A-30» nmr (#383* DCCl^) 
Appendix, B-24.
Anal. Calcd for C22H20C1N0i C, 75.52t H, 5.76»
N, 4.00. Found! C, 75.61| H, 5.92| N, 4,24.
General Procedure for the Preparation of the £4h ]-1- 
Oxa-3-azonia-2-boratanaphthalene8. To an ice cold solution 
of 0.005 mol of the appropriate 3»4-dihydro-1,3,2H-benzoxazine 
in 10 ml of tetrahydrofuran was added 6 ml of 1M borane in 
tetrahydrofuran, and the solution was stirred at ice bath 
temperatures for 0.5 hr. The solvent was then evaporated to 
yield a white solid. An nmr spectrum of this solid was re­
corded. The solid was then heated, neat, under a nitrogen 
atmosphere at 200° for 20 min. On cooling, a white solid 
crystallized, and this solid was recrystallized from cyclohexane-
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benzene to yield the corresponding [4H]-l~oxa-3-azonia-2- 
boratanaphthalene. All analytical and spectral data were 
then obtained.
3,3-Dimethyl-6-methoxy[4H]-l-oxa-3-azonia-2-borata- 
naphthalene (8 >^). The above procedure using 6£ gave 1,3 g 
(680) of 85, mp 133-135°d* ir (#12958, KBr) Appendix, A-31 * 
nmr (#395» DCCl-j) Appendix, B-25.
Anal. Calcd for ^QH^BNOgi c» 62• 21 j H, 8 .3 6*
N, 7.26. Foundt C, 62.46* H, 8.06* N, 7.13.
3-Benzyl-3-methyl-6-methoxy[4H]-l-oxa-3-azonia-2- 
boratanaphthalene (86). The above procedure using 70 gave 
0.7 g (53$) of 86, mp 141-144°* ir (#12937, KBr) Appendix, 
A-32j nmr (#396, DCCl^) Appendix, B-26.
Anal. Calcd for Cl6H2()BN02 « C» 71.^Oj H, 7.^91
N, 5.21. Foundj C, 71.OO1 H, 7.33* N» 5.3^.
3-Methyl-3-(p-phenethyl)-6-methoxy[4H]-l-oxa-3- 
azonia-2-boratanaphthalene (87). The above procedure using 
72 gave 1.1 g (78$) of 87, mp 103-110°d> ir (#13166, KBr) 
Appendix, A-33* nmr (#624, DCCl^) Appendix, B-27.
Anal. Calcd for Cl7H22BN02 « C, 72.10; H, 7.83*
N, 4.95. Found 1 C, 71.70* H, 7.62* N, 5.22.
3-Benzyl-3»6-diraethyl£4H]-l-oxa-3-azonia-2-borata- 
naphthalene (88), The above procedure using 7£ gave 0.7 g 
(540) of 88, mp 159-161°j ir (#12942, KBr) Appendix, A-34* 
nmr (#276, DCCl^) Appendix, B-28,
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Anal. Calcd for C^H^BNO. C, 75.91? H, 7.96?
N, 5.53. Pound. c, 75.95? H, 7.91? N, 5.53.
Attempted Preparation of 3-Benzyl-3-p-chlorobenzyl- 
6-methyl[4H]-l-oxa-3-azonia-2-boratanaphthalene (89). To an 
ice cold solution of 1,2 g (0.005 mol) of 3»^-dihydro-2-£- 
chlorophenyl-3-benzyl-6-methyl-l,3,2H-benzoxazine (76) in 
10 ml of the tetrahydrofuran was added 6 ml of 1M borane in 
tetrahydrofuran, and the solution was stirred at ice bath 
temperatures for 1 hr. A white solid, mp 196°» precipitated 
from the solution during this time. The infrared spectrum 
(#12965) of this compound showed a B-H stretching adsorption 
at 2400 cm-*.
The white solid was heated, neat, at 220° for 20 min 
under a nitrogen atmosphere. The resulting solid was not 
the expected product of rearrangement but was shown by its 
chemical, physical and spectral properties to be 2-(benzyl- 
£-chlorobenzylaminomethyl)-4-methylphenol (£0), mp 56-58° 
(pentane)i ir (#12974, KBr) Appendix, A-35? nmr (#374, DCCl^) 
Appendix, B-29,
Anal. Calcd for C22H22C1N0i C, 75.09? H, 6.30?
N, 3.98. Found. C, 75.31? H, 6.28; N, 4.12.
Preparation of 2-(Benzylmethylaminomethyl)-4-methoxy- 
phenol (91). A mixture of 0.30 g (1.1 mmol) of 3-benzyl-3- 
methyl-6-methoxy[4H]-l-oxa-3-azonia-2-boratanaphthalene (86) 
in 20 ml of 10% aqueous hydrochloric acid was heated under 
reflux until all the solid had dissolved. The solution was 
allowed to stand overnight at ambient temperature, and then
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was made basic with a saturated solution of sodium bicarbonate* 
The basic solution was extracted three times with 25 ml of 
ether. The combined ether extracts were dried over anhydrous 
sodium sulfate and evaporated to yield 0*25 g (89%) of 91 as a 
yellow oilj ir (#12956* film) Appendix* A-36; nmr (#16019, 
DCCl^) Appendix* B-30. The product was analyzed as the hydro­
bromide, rap 183-184° (isopropanol).
Anal. Calcd for C16H2()BrN02 i C, 56.81; H, 5.96;
N, 4.14. Found; C, 56.67; H, 5.98; N, 4.36.
Preparation of 6,12-Epoxy-6H,12H-dibenzo[b,fJ-l,5-
44dioxacin (98). Following the procedure of Adams* 30.0 g 
(0.25 mol) of salicylaldehyde and 25 g (0.41 mol) of acetic 
anhydride were mixed and cooled to 0° in an ice-salt bath.
One drop of concentrated sulfuric acid was added and the mix­
ture was vigorously stirred. After 15 rain, the white solid 
which precipitated was collected by filtration and washed 
with water. This solid was recrystallized from ethanol to 
yield 20.0 g (71%) of £8 as white needles* mp 127-130°, 
lit.44 mp 130°; ir (#13253. KBr) 1750 (m), 1605 (m),
1590 (m), 1500 (s), 1480 (m), 1330 (m), 1230 (s), 1120 (m),
1080 (m), 1050 (m), 960 lb), 810 (m), 765 (b); nmr (#737.
DCCl^) 6 7.28-6.80 (m, 8H), 6.40 (s, 2H).
Preparation of 6*12-(Carbethoxyimino)-6H,12H-dibenzo 
[b,f]-l,5-dioxacin (99). Compound 22 was prepared according
iLtL
to the procedure of Merten and Muller. J a mixture of 12,2 g 
(0.1 mol) of salicylaldehyde, 4.5 g (0.05 mol) of ethylcarba- 
raate, and 2 ml of boron trifluoride-diethyl etherate in 50 ml
92
of benzene was heated under reflux overnight utilizing a Dean- 
Stark apparatus. The benzene solution was diluted with 50 ml 
more of benzene and washed three times with 30 ml of yfi 
sodium hydroxide solution and once with 100 ml of water. The 
benzene layer was dried over potassium carbonate and concen­
trated to leave a white solid as residue. This solid was re­
crystallized from ethanol to yield 9.0 g (60$) of 99 as a 
white solid, mp 153-154°* lit.^ mp 15^°l ir (#13246, KBr)
3000 (w), 1715 (s), 1600 (m), 1590 (m), 1500 (s), 1440 (s),
1340 (s), 1270 (s), 1120 lm), 1040 Is), 970 lb), bOO (m),
760 (b)1 nmr (#673. DCCl^ 6 7.56-6.60 lm, 10H), 4.26 lq,
J = 9 Hz, 2H), 1.27 It, J = 9 Hz, 3H).
Preparation of 6,12-lCarbobenzyloxyimino)-6H.12H- 
dibenzo[b,f]-l,5-dioxacin 1100). Starting from benzylcarba- 
mate 1157)» the above procedure gave 11.2 g (62^) of 100 as a 
brown oil. This oil was used without further purification or 
characterization! ir (#13250, film) 3050 (m), 2950 (m),
1710 (b), 1510 (s), 1490 (s), 1100 (b), bOO Is), 750 lb)s
nmr (#736, DCClj) 6 7.30 (s, 5H), 7.30-6.70 (m, 10H), 5.16
(s, 2H)•
Attempted Preparation of 6,12-lBenzoylimino)-6H,12H- 
dibenzoCb,f]-l,5-dioxacin (101). Starting from benzamide, 
the above procedure gave 6.a g of a white solid (105). mp 212- 
213°d (acetonitrile) of undetermined structure and not the 
expected 1011 ir l#13429» KBr) Appendix, A-37i nmr l#725, d^- 
acetone) 6 b.32-7.00 (m).
Anal. Calcd for CgjH^NOy C, 76.5«l H, 4.59l 
N, 4,25. Poundj C, 67.991 H, 4.11i N, 6.20.
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Attempted Preparation of 6,12-Imino-6H,12H-dibenzo- 
[b,f]-l,5-dioxacin (102). A mixture of 11.2 g (0.31 mol) of
6,12-(carbobenzyloxyimino)-6H ,12H-dibenzo[b,f]-l,5-dioxacin 
(100) and 1,5 g of 10% palladium on charcoal in 200 ml of 
ethanol was hydrogenated at 10 psi for 3 hr. The mixture 
was filtered and the filtrate concentrated to leave a pale 
yellow solid as residue. This solid was recrystallized from 
ethanol to yield 3,8 g (55%) of a compound, mp 171-173°» 
which was assigned the structure bis-(o-hydroxybenzyl)amine 
(104), lit,^° mp 170-171°* by its physical and spectral dataj 
ir (#13261, KBr) 3000-2400 (b), 1690 (s), 1480 (b), 1250 (b), 
880 (w), 755 (s)j nmr (#747, d^-acetone) 6 7.26-6.68 (m, 11H), 
3.88 (s, 4H),
Preparation of l-Cyano-2-benzoyl-l,2-dihydroisoquino­
line (108). This compound was prepared by the method of Popp 
and Blount.-** To a vigorously stirred mixture of 25.8 g 
(0.2 mol) of isoquinoline, 250 ml of methylene chloride,
39.0 g (0.6 mol) of potassium cyanide and 100 ml of water in 
a one 1. Morton flask was added 56.2 g (0.4 mol) of benzoyl 
chloride dropwise over a 3 hr period. After stirring for an 
additional 0.5 hr, the methylene chloride layer was separated 
and washed twice with 50 ml of water, four times with 50 ml 
of 10%> hydrochloric acid, once with 50 ml of water, four 
times with 50 ml of 5% sodium hydroxide and finally twice 
with 50 ml of water. The resulting yellow, methylene chloride 
solution was dried over anhydrous magnesium sulfate, filtered 
and concentrated to yield a yellow oil. This oil solidified
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on standing to give a white solid. One recrystallization of 
the solid from absolute ethanol yielded 39.8 g (7770 of 108 
as white needles, mp 126-128°, lit;?* mp 124-125°J ir 
(#12141, KBr) 1680 (s), 1650 (s), 1590 (m), 1490 (w), 1460 (m), 
1400 (w), 1355 (s), 1245 (m), IO65 (m), 1010 (w), 950 (m),
900 (m), 875 (m), 785 (b), 755 (w), 735 (b); nmr (#5610,
DCC13) 6 7.72-7.20 (m, 9H), 6.58 (s, 1H), 6.34 (AB, J^B =
7.5 Hz, A v AB = 33.7 Hz, 2H).
General Procedure for the Preparation of Substituted 
1-Benzylisoquinolines. These compounds were prepared by the 
method of Popp and Wefer*^a,k and Uff and Kershaw. ^ A 
solution of 0.09 mol of substituted benzyl bromide in 100 ml 
of dimethylformamide was added dropwise to a mechanically- 
stirred, cooled slurry of 23.4 g (0.09 mol) of l-cyano-2- 
benzyl- 1,2-dihydroisoquinoline and 4.3 g (0.10 mol) of 5&f° 
sodium hydride in oil in 200 ml of dimethylformamide. The 
reaction mixture was stirred at 0-5° under a nitrogen atmos­
phere for 3 hr after the addition was complete. The excess 
sodium hydride was then decomposed with ethanol, and the 
solution was concentrated.
A mixture of 400 ml of ethanol and 100 ml of 10% 
sodium hydroxide was added and the solution was heated under 
reflux for 2 hr. The mixture was concentrated, and 300 ml 
of water and 300 ml of chloroform were added. The layers 
were separated, and the washed chloroform layer was dried 
over anhydrous magnesium sulfate, filtered, and concentrated 
to yield the product as an oil.
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1-Benzylisoquinoline (109). The reaction of 108 with 
benzyl bromide gave 17.7 g (90$) of 109 as a.yellow oil which 
was converted to the picrate derivative, mp 182-184° (etha­
nol), lit.52d mp 182-184°* ir (#12151, film) 3050 (m),
2950 (w), 1620 (m), 1590 (m), 1560 (s), 1490 (s), 1380 (s), 
1150 (w), 1040 (m), 1030 (m), 875 (m), 805 (m), 755 (b),
720 (b), 705 (b)1 nmr (#10685, DCCl^) 6 8.53 (d, J = 6.0 Hz, 
1H), 8.17-6.84 (m, 10H), 4.50 (s, 2H).
1-(3'»4'-Dimethoxybenzyl)isoquinoline (110). The 
reaction of 108 with 21 gave 19*9 g (79%) of orange oil 
which solidified upon stirring in hexane at ice bath tempera­
tures. The solid was recrystallized from pentane-ethyl ether 
to give 110 as white crystals, mp 76-77°, lit.**2d mp 73-74°, 
which were converted to the picrate, mp 165-166° (ethanol),
lit.-^2d mp 165-165.5°• The ir and nmr spectra were identical
90to.those obtained from an authentic sample of llOr  ir 
(#12206, KBr) 2950 (w), 1550 (w), 1500 (s), 1240 (s),
1150 (s), 1030 (s), 945 (w), 840 (s), 800 (b), 760 (w),
740 (m)1 nmr (#12055. DCC13 ) 6 8.30-6.99 (m, 6H), 6.70-6.50 
(m, 3H), 4.46 (s, 2H), 3.67 (s, 6H).
1-(3'.4'-Methylenedioxy)isoquinoline (111). The 
reaction of 108 with 22 gave 17^3 g (73$) of orange oil 
which solidified on stirring in hexane at ice bath tempera­
tures. The solid was recrystallized from pentane-ethyl 
ether to give 111 as white crystals, mp 78-80°, lit.^2d 
mp 80-81° which were converted to the picrate, mp 186-189°d 
(ethanol), lit.^2d mp I79°d. The ir and nmr spectra were
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go
identical to those obtained from an authentic sample of llli 
ir (#12228, KBr) 1600 (w), 1490 (s), 1435 (s), 1355 (m),
1240 (s), 1180 (m), 1095 (w), 1030 (s), 935 (s), 880 (m),
815 (b), 740 (b)1 nmr (#11131* DCCI.3) 6 8.48 (d, 1H), 8.25-
7.23 (m, 5H), 6.68 (s, 3H), 5.74 (s, 2H), 4.35 (s, 2H).
Preparation of l-(3*.4'-Dimethoxybenzyl)-2-methyl- 
isoquinolinium Iodide (112). A mixture of 2.3 g (9.0 mmol) 
of 1-(3’,4'-dimethoxybenzyl)isoquinoline (110) in 30 ml of 
iodomethane was converted quantitatively to the quaternary 
salt by heating the solution under reflux under a nitrogen 
atmosphere for 3 h?. The excess iodomethane was removed by 
distillation and the yellow solid, rap 199-202°d, which had 
formed was removed by filtration, washed with ether and 
dried. No further purification was necessaryi ir (#12213*
KBr) Appendix, A-38; nmr (#10374, DCGl^) Appendix, B-31.
Anal. Calcd for C19H2(JIN02 i C, 54.171 H, 4.791
N, 303. Found 1 C, 53.92; H, 4.65i N, 3.23.
Preparation of l-(3'.4*-Methylenedioxybenzyl)-2- 
methylisoquinolinium Iodide (113). 1 — C3*,4*-Methylenedioxy-
benzyl)isoquinoline (111) was converted quantitatively to 
the methiodide, mp 231-234°d, as described above; ir (#12227, 
KBr) Appendix, A-391 nmr (#16196, d^-DMSO) Appendix, B-32.
Anal. Calcd for C » 53*35* H » 3,9a»
N, 3.46. Foundi C, 53.61; H, 3.89; N, 3.74.
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General Procedure for the Preparation of Salts of 
Substituted 1-Benzylisoquinolines. A mixture oi' 0.010 mol of 
the substituted 1-benzylisoquinoline and 0.015 mol of the sub­
stituted benzyl bromide in 30 ml of tetrahydrofuran was 
heated under reflux for 4b hr. After cooling, the resulting 
solid was collected by filtration, washed with ether, and 
dried. The salt was recrystallized and all spectral and ana­
lytical data were then obtained.
1,2-Dibenzylisoquinolinium Bromide (114). The above 
procedure with 109 and benzyl bromide gave 2.6 g (67fo) of 114 
as white needles, mp 204-206° (isopropanol)» ir (#130d5, KBr) 
Appendix, A-40; nmr (#16211, d^-DMSO) Appendix, B-33*
Anal. Calcd for C2^H20BrNi C, 70.77; H, 5.16;
N, 3.59. Foundi C, 70.42; H, 5.15; N, 3.71.
1-(31»4•-Dimethoxybenzyl)-2-benzyliBoquinolinium 
Bromide (115)» The above procedure with 110 and benzyl bro­
mide gave 3.2 g (71 f.) of 115 as yellow needles, mp lb9-191° 
(isopropanol-ethyl ether); ir (#11467, KBr) Appendix, A-41; 
nmr (#12106, DCCl^) Appendix, B-34.
Anal. Calcd for C^H^BrNO,, i C, 66.67; H, 5.371 
N, 3.11. Foundi C, 66.65; H, 5.45; N, 2.9b.
1- (31,4' -Dimethoxybenzyl) -2- (4l,-nitrobenzyl) isoquino- 
linium Bromide (lj6). The above procedure with 110 and £- 
nitrobenzyl bromide gave 4.5 g ( 9 W  of 116 as a yellow 
solid, mp 193-195°d (ethanol); ir (#13064, KBr) Appendix,
A-42; nmr (#16166, d&-DMS0) Appendix, B-35*
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Anal. Calcd for C^H^BrNgO^i C, 60.61; H, 4.6d»
N, 5.66. Foundi C, 60.71; H, 4.75l N, 5.90.
1-(3 *.41-Dimethoxybenzyl)-2-(2".6”-dichloro benzyl)- 
isoquinolinium Bromide (117). The above procedure with 110 
and 2,6-dichlorobenzyl bromide gave 3*6 g (60%) of 117 as 
yellow needles, mp 172-174°d (isopropanol)j ir (#13421, KBr) 
Appendix, A-43; nmr (#975, DCCl^) Appendix, B-36.
Anal. Calcd for C25H22BrCl2N02i C, 57.82; H, 4.27;
N, 2.70. Foundi C, 58.16; H, 4.00; N, 2,d7.
1 - (3'. 4'-Methylenedioxybenzyl)-2-benzylisoquinolinium 
Bromide (lid). The above procedure with 111 and benzyl bromide 
gave 3.2 g (74%) of lid as a yellow solid, mp 220-225°d 
(ethanol); ir (#13091. KBr) Appendix, A-44; nmr (#16277. dfc- 
DMS0) Appendix, B-37.
Anal. Calcd for C2^H20BrN02 i C, 66,36; H, 4,64;
N, 3.23. Foundi C, 66.45; H, 4.58; N, 3.^1.
1-(3 *.4♦-Methylenedioxybenzyl)-2-(4"-nitrobenzyl)iso­
quinolinium Bromide (119). The above procedure with 111 and
£-nitrobenzyl bromide gave 2.1 g (44%) of 119 as a yellow 
solid, mp 225-227°d (methanol); ir (#13090, KBr) Appendix, 
A-45; nmr (#16210, d^-DMSO) Appendix, B-38.
Anal. Calcd for C^H^BrNgO^i C, 60.13; H, 4.00;
N, 5.85. Foundi C, 60.17; H, 3*91; N, 5.96.
Preparation of l-(3'»4'-Dimethoxybenzyl)-2-methyl- 
1.2,3,**-'1etrahydrois0quinoline (120). l-(3',4*-Dimethoxybenzyl)-
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2-methylisoquinolinium iodide (112) (1 g, 2.4 mmol) was added 
portionwise to a slurry of 1 g (28 mmol) of sodium borohydride 
in 50 ml of ethanol. The slurry was stirred at room tempera­
ture overnight. The excess sodium borohydride was decomposed 
with 10# hydrochloric acid and then 200 ml of water was added. 
The solution was made basic with 6N sodium hydroxide and ex­
tracted three times with 50 ml of chloroform. The combined 
extracts were dried over anhydrous potassium carbonate, fil­
tered, and concentrated to yield 0.5 g (72#) of 12Q as a 
brown oil* ir (#13164, film) Appendix, A-46j nmr (#12399, 
DCCl-j) Appendix, B-39* The product was analyzed as the 
picrate, mp 139-141° (ethanol).
Anal. Calcd for C25H26N409 ‘ C, 57.02j H, 4.971 
N, 10.64. Foundi C, 57.3^1 H, 5.02| N, 10.64.
General Procedure for the Preparation of 1,2-Disub- 
stituted-1,2-dihydroisoquinolines. Following the procedure of 
Barton,^ 3*0 mmcl of the substituted isoquinolinium salt was 
added, portionwise, to a suspension of 0.5 g (0.013 mol) of 
sodium borohydride in 20 ml of dry pyridine. The mixture was 
stirred after each addition until complete solution was ef­
fected. A second portion of 0.4 g (0.011 mol) of sodium boro­
hydride was then added to the solution and stirring was con­
tinued for 5 min. Ether (100 ml) and 75 ml of water were 
added, the layers were separated, and the aqueous layer was 
extracted twice with 50 ml of ether. The combined ether 
layers were dried over anhydrous potassium carbonate, filtered 
and evaporated to yield a yellow oil. The pyridine which
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remained was removed under reduced pressure to give the sub­
stituted 1,2-dihydroisoquinoline (121-127) in quantitative 
yield. The nmr spectra of these compounds were similar to 
the spectra of 1,2-dihydroisoquinolines published by 
Neumeyer,*^ The oils were used without further purification.
Attempted Preparation of 2,3-Dimethoxy-N-methyl-
24
pavinane (128). A, The procedure of Battersby and Binks 
for their preparation of N-methylpavine was followed in the 
attempted synthesis of 128, A solution of 2,1 g (7*1 mmol) 
of l-(3',^,-dimethoxybenzyl)-2-methyl-l,2-dihydroisoquinoline 
(121), 10,5 ml of 977° formic acid and 4,2 ml of 857° phosphoric 
acid was heated at reflux (120°) under a nitrogen atmosphere 
for 22 hr. The cooled mixture was diluted with 50 ml of 
water, and the white solid which precipitated was removed by 
filtration. The solid proved to be inorganic material (mp> 
360°), The aqueous filtrate was extracted twice with 30 ml 
of chloroform to remove any non-basic material. After being 
made strongly alkaline with 207° ammonium hydroxide, the aque­
ous solution was extracted six times with 50 ml of chloroform. 
The combined extracts were dried over anhydrous potassium 
carbonate, filtered and concentrated to yield 1,6 g (76^) of 
brown oil. The ir spectrum (#19044), nmr spectrum (#12488, 
DCCl^), and picrate derivative (mp 139-140.5°) were identical 
to those of l-(3',4*-dimethoxybenzyl)-2-methyl-l,2,3,4- 
tetrahydroisoquinoline (120),
B» l-(3',4'-Dimethoxybenzyl)-2-methyl-l,2-dihydro- 
isoquinoline (121) (0,3 g, 1 mmol) was treated with an excess
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of each of the following reagents and stirred overnight at 
room temperaturei a) acid washed Dowex-50 resin in ethanoli 
b) IN trifluoroacetic acid in chloroformj c) IN trichloro­
acetic acid in chloroformi d) IN £-toluenesulfonic acid 
(anhydrous) in chloroformj and e) acid washed alumina in 
chloroform. The reactions were worked up as in the above 
procedure. In each case, nmr spectroscopy showed that the 
products contained no N-methyl signal. The products were 
not characterized further.
General Procedure for the Preparation of Pavinane 
Derivatives. The substituted 1-benzyl-1,2-dihydroisoquino- 
line (3.5 mmol) dissolved in 50 ml of chloroform was added 
dropwise over a period of 3 hr to a stirred mixture of 75 ml 
of chloroform and 40 ml of 70% aqueous perchloric acid under 
a nitrogen atmosphere. Stirring was continued at ambient 
temperature for 72 hr. The layers were separated, and 750 ml 
of water was added to the aqueous layer. After standing 
overnight, the perchlorate salt of the pavinane was collected 
by filtration, washed with water and dried. The base was 
prepared by dissolving the perchlorate salt in warm ethanol 
and adding 10% aqueous sodium hydroxide solution. Cooling 
caused the precipitation of the base which was collected by 
filtration.
2,3-Dimethoxy-N-methylpavinane (128). The above pro­
cedure with 121 gave 0.85 g (60%) of 128 as the perchlorate, 
mp 272-274°d (ethanol-acetonitrile)j uv max (#1040, CH^OH)
290 nm (shoulder), 280 nm (€4500), 271 nm (shoulder).
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Anal, Calcd for C19H22C1N06s C, 57.651 H, 5.60j 
N, 3.54. Foundi C, 57.75i H, 5.63; N, 3.91.
The base was isolated as a white solid, mp 107-109° (metha­
nol)} ir (#13092, KBr) Appendix, A-47; nmr (#653> DCCl^)
Appendix, B-40. 128 was further characterized as the picrate,
mp 24l-243°d (ethanol-dimethylformamide).
Anal. Calcd for C^H^N^O^! C, 57.25; H, 4.6l;
N, 10.68, Foundi C, 57.40; H, 4.64; N, 10.94.
2.3-Dimethoxy-N-benzylpavinane (129). The above pro­
cedure with 123 gave 0.75 g (50%) of 129 as the perchlorate, 
mp 120°d; uv max (#1043, CH^OH) 280 (64800).
Anal. Calcd for C25H26C1N06.0.50 H20i C, 62.43;
H, 5.66; N, 2.91. Foundi C, 62.22; H, 5.44; N, 3.27.
The base was isolated as a brown solid; ir (#13283, KBr)
Appendix, A-48; nmr (#767, DCCl^) Appendix, B-41.
2.3-Dimethoxy-N-(4,-nitrobenzyl)pavinane (130). The 
above procedure with 124 gave 1.45 g (95%) of 130 as the per­
chlorate, mp 158-l60°d (isopropanol); uv max (#1042, CH^OH)
270 nm (612,200).
Anal. Calcd for C^H^ClNgOg 1 C, 58.02; H, 4.87;
N, 5.42. Foundi C, 58.17; H, 5.13; N, 5.64.
The base was isolated as a brown solid; ir (#13093» KBr) 
Appendix, A-49; nmr (#514, DCCl^) Appendix, B-42.
2.3-Dimethoxy-N-(2t,6*-dichlorobenzyl)pavinane (131). 
The above procedure with 125 gave 1.1 g (58$) of 131 as the 
perchlorate, mp l69°d (isopropanol); uv max (#1045, CH^OH)
282 nm (65400). The base was isolated as a white solid,
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mp 189-190° (methanol)1 uv max (#1044, CH^OH) 281 nm (€4700); 
ir (#13456, KBr) Appendix, A-50; nmr (#1045» DCCl^) Appendix, 
B-43.
Anal. Calcd for C^H^NOgClgi C, 68.18; H, 5.26;
N, 3.18. Foundi C, 67.79; H, 5.46; N, 3.16.
Attempted Preparation of 2,3-Methylenedioxypavinanes. 
N-benzyl (126) and N-£-nitrobenzyl-l-(3i4-methylenedioxybenzyl)- 
1,2-dihydroisoquinoline (127) were subjected to the conditions 
of cyclization as described above. After stirring for only a 
few hours, the aqueous perchloric acid layers turned a purple 
and green color, respectively, indicating that cleavage of the 
methylenedioxy group had occurred. Only unidentifiable tars 
were isolated from these reactions.
Preparation of 1-Skatylisoquinoline (149). The compound 
was prepared by the procedure of Boekelheide,^* To a solution 
of 8.6 g (0,05 mol) of gramine and I3.0 g (0.05 mol) of 1- 
cyano-2-benzoyl-l,2-dihydroisoquinoline (108) in 100 ml of 
xylene was added a small piece of sodium. The mixture was 
heated under reflux in a nitrogen atmosphere for 3 hr and then 
filtered while hot. After evaporation of the xylene, 200 ml 
of ethanol and 40 ml of 10$ sodium hydroxide were added, and 
the solution was heated under reflux for 2 hr. Most of the 
solvent was evaporated, and the residue was stirred in 300 ml 
of water. The resulting, brick-red solid was collected by 
filtration, washed with water, and dried to give 16 g of very 
crude product. This solid was eluted with benzene from a 50 mm 
diameter column packed with 320 g of neutral alumina. One
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recrystallization from ethanol gave 7,1 g {55%) of pure 149 
as a white solid, mp 171-174°, lit.^ mp 171-172°} ir 
(#12143, KBr) 3200 (b), 1620 (m), 1590 (w), 1550 (m),
1440 (s), 1340 (s), 1260 (m), 1230 (m), 1005 (s), 915 (s),
880 (m), 835 (s), 810 (s), 750 (b)j nmr (#10559, DCC13) 6 
8,68-6.66 (m, 12H), 4,84 (s, 2H),
Preparation of l-Skatyl-2-methylisoquinolinium 
Iodide (150). A solution of 5*2 g (0.02 mol) of 1-skatyl- 
isoquinoline (149) in 40 ml of methyl iodide was converted 
quantitatively to the quaternary salt by heating under re­
flux under a nitrogen atnosphere for 4 hr. The excess iodo­
methane was removed by distillation and the yellow solid was 
collected by filtration, washed with ether, and dried to 
give 150, mp 234-237°d, lit.91.mp 227-228°d» ir (#12144, KBr) 
3300 (s), 1645 (s), 1570 (w), 1505 (w), 1350 (m), 1230 (m), 
1100 (w), 885 (w), 825 (m), 760 (b). No further purification 
was necessary.
Preparation of 14-Methyl-6,7,12,13-tetrahydro-6,12- 
imino-5H-benzo[5»6]cyclooct[l,2-b]indo!e (152). A solution of
1.1 g (4.0 mmol) of l-skatyl-2-methyl-l,2-dihydroisoquinoline 
(151) in 50 ml of diethyl ether and 1 ml of methanol was added 
dropwise over a 15 min period to a stirred slurry of 75 ml of 
diethyl ether and 40 ml of IN hydrochloric acid under a nitro­
gen atmosphere at ambient temperature. After the addition 
was complete, the slurry was stirred for 1 hr. The layers 
were separated, and the aqueous layer was made basic with 
concentrated ammonium hydroxide. The solid which precipitated
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was removed by filtration, washed with water and dried to 
yield 1.1 g (quantitative) of 152; ir (#13325, KBr) Appendix, 
A-51; nmr (#797» DCCl^) Appendix, B-44. This compound decom­
posed readily and was quickly converted to the methiodide
(153), mp 255-258°d.
Anal. Calcd for.C20H21IN2'H20 i C, 55.30; H, 5.3^1 
N, 6.45. Foundi C, 55.18; H, 5.09; N, 6.50.
Preparation of 2-Indanone (142). This compound was
59prepared according to the procedure in Organic Syntheses-^  
and 85.3 g (65%) of 142 as a white solid, mp 53-55°, lit.**9 
mp 57-58°, was obtained; ir (#12656, KBr) 3050 (w), 2900 (w), 
1750 (s), 1465 (m), 1390 (m), 1300 (m), 1185 (m), 1150 (m), 
1065 (w), 980 (m), 800 (w), 745 (b); nmr (#14908, CCl^) 6
7.19 (s, 4H), 3.37 (s, 4H).
Preparation of 2-Indanonoxime (143). This compound
92was prepared according to the procedure of Rosen and Green.
A solution of 6.4 g (0.092 mol) of hydroxylamine hydro­
chloride in a mixture of 10 ml of ethanol and 10 ml of water
was added to a stirred solution of 10.0 g (0.076 mol) of 2- 
indanone (142) in 25 ml of pyridine. The reaction mixture 
immediately turned warm and a white solid precipitated. After 
0.5 hr, the suspension was diluted with 200 ml of water and 
the white solid was collected by filtration and.dried to 
yield 10.9 g (97%) of 143 as white needles, mp 152-153°, 
lit.92 153-154.5°i.ir.(#12640,.KBr) 3300.(b), 2850.(3),
1650 (w), 1440 (m), 1400 (m), 1300 (w), 1210 (w), 1165 (w), 
1020 (w), 950 (b), 855 (w), 730 (b); nmr (#14943, d6-DMS0)
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6 7.20 (s, 4H), 3.7^ (s, 4H).
Preparation of 1,4-Dihydro-3-[2H]isoquinolone (144).
The Beckman rearrangement was carried out according to the
6i
general procedure outlined by Donaruma and Heldt. To a 
cooled, stirred solution of 3,0 g (0.02 mol) of 2-indanon- 
oxime (143) in 150 ml of dry ether was added 6.2 g (0.03 mol) 
of phosphorus pentachloride. The slurry was stirred over­
night at room temperature and then poured onto crushed ice.
The ether was evaporated and the aqueous solution was ex­
tracted with chloroform. The extracts were dried over anhy­
drous magnesium sulfate, filtered and the filtrate was con­
centrated to give a black solid as residue. It was sublimed 
at l45°/25 mm to yield 2.1 g (70%) of 144 as yellow needles,
mp 149-150°, lit.93 mp 150-152°? ir (#12641, KBr) 3250 (s),
3050 (s), 2950 (s), 1650 (s), 1490 (s), 1450 (w), 1425 (m),
1395 (m), 13^0 (s), 1320 (m), 1250 (m), 1190 (m), 1100 (m),
1040 (w), 980 (w), 955 (w), 895 (w), 835 (b), 750 (b)» nmr 
(#14942, DCC13) 6 8.18 (s, 1H), 7.22 (s, 4H), 4.50 (s, 2H),
3.57 (m, 2H).
Preparation of l-Benzyl-2-indanonoxime (146). 1-Benzyl-
2-indanone was prepared by a modification of the procedure of 
Blomquist and Moriconi.^0a In a three-necked, 500 ml flask 
fitted with a magnetic stirrer, Dean-Stark trap, reflux con­
denser ,. nitrogen inlet tube and heating mantel, a solution of 
20 g (0.20 mol) of hexamethyleneimine and 100 ml of benzene 
was heated under reflux until all the water was removed (2 hr). 
2-Indanone (142) (13.2 g, 0.10 mol) was added in one portion
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and the solution was heated under reflux overnight. The yel­
low solution was concentrated and the enamine was dissolved 
in 100 ml of a solution of 1 iliidioxaneitetrahydrofuran. 
Benzyl bromide (25.6 g, 0.15 mol) was added dropwise over a 
0.5 hr period, and the solution was heated under reflux for 
5 hr. After cooling, the white iminium salt was filtered, 
washed with tetrahydrofuran, and immediately stirred in a 
solution of 10 ml of acetic acid in 200 ml of water and 
heated under reflux under a nitrogen atmosphere for 1 hr. 
After cooling, the aqueous mixture was extracted three times 
with 50 ml of ether. The combined extracts were dried over 
anhydrous sodium sulfate, filtered and the filtrate concen­
trated to yield 10,9 g of crude l-benzyl-2-indanone (145).
Since most 2-indanones are easily oxidized by air, 
the ketone was dissolved in 25 ml of pyridine and to this 
solution was added 6.4 g (0.092 mol) of hydroxylamine hydro­
chloride dissolved in 10 ml of water and 10 ml of ethanol. 
After stirring overnight at room temperature, under a nitro­
gen atmosphere, 300 ml of water was added and the aqueous 
mixture was extracted three times with 75 ml of chloroform. 
The combined extracts were dried over anhydrous potassium 
carbonate, filtered and the filtrate was concentrated to 
yield a brown oil. This oil solidified to a gummy solid 
when stirred.with low boiling petroleum ether at ice bath 
temperatures. The solid was chromatographed and eluted with 
benzene-ether (lil) from a neutral.alumina column to yield 
5*9.g (?5$ from 2-indanone) of 146. An analytical.sample, 
mp 129-131°, was recrystallized from hexanej ir (#12642, KBr)
108
Appendix, A-52j nmr (#15059* DCCl^) Appendix, B-^5»
Anal. Calcd for C ^ H ^ N O i  C, 80.98} H, 6.37} 
N, 5.90. Foundi C, 81.38} H, 6.3^} N, 5.85.
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APPENDIX
A* Infrared Spectra
B. Nuclear Magnetic Resonance Spectra
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A-13. 2-(3»,4'-Dimethoxybenzyl)-5-nitro-l,2,3,4-tetrahydroisoquinoline (5 6)•
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A-15. 2-(2•, 4 •-Dinitrobenzyl) - 1 , 2 , 3 , tetrahydroisoquinoline (42).
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A-19. 2-(4*-Nitrophenacetyl)-6,7-dimethoxy-1»2,3,4-tetrahydroisoquinoline (60). ^
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A-21. 2-[0 -(*f'-Nitrophenyl)ethyl]-6,7-diaethoxy-1,2,3,4-tetrahydroiaoquinoline £
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A-22. a,a-Dideutero-2-benzyl-l,2,3» tetrahydroisoquinolinium Hydrochloride (61). '■3
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A-23. 3,4-Dihydro-3-(^ *-nitrobenzyl)-6-methoxy-1,3•2H-benzoxazine (71)•
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A-25. 3• 4-Dihydro-3-(2',6*-dichlorobenzyl)-6-methoxy-1,3(2H-benzoxazine (74)
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A-27. 3• 4-Dihydro-3-benzyl-3»6-dimethyl-1 • 3»2H-t>enzoxazinium Iodide (78).
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A-28. 3•^-Dihydro-3*^-dibenzyl-6-methyl-1(3,2H-benzoxazinium Bromide C79)»
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A-32. 3-Benzyl-3-aethyl-6-methoxy([iJ'H3-l-oxa-3-azonia-2-boratanaphthalene (86) • • e-~o
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A-33. 3-Methyl-3-(p-phenethyl)-6-methoxy[4H]-l-oxa-3-azonia-2-boratanaphthalene (87). g
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A-3^» 3-Benzyl-3,6-dimethyl[^H]-l-oxa-3-azonia-2-boratanaphthalene (88). £
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A-35* 2-(Benzyl-£-chlorot)enzylaniinomethyl)-4-methylphenol (90).
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A-36. 2-(Benzylmethylaminomethyl)-4-methoxyphenol (91)
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A-38. l-(3**l*’,-Diinethoxyben8yl)r2-methylisoquinoliniuin Iodide (112).
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A-39* 1-(3'»V-Methylenedioxybenzyl)-2-methylisoquinolinium Iodide (113)« ^
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A-40. 1,2-Dibenzylisoquinolinium. Bromide (114). VnOx
TR
AN
SM
ITT
AN
CE
 
(%
)
100
Br“
NCH
U
1500 1000 9004000 3000 8002000 700CM-l
A-41, 1_(3•,4•-Dimethoxybenzyl)-2-benzylisoquinolinium Bromide (115)• VjxON
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A-42. 1-(3',4'-Dimethoxybenzyl)-2-(4"-nitrobenzyl)isoquinolinium Bromide 1116)•
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A-46. l-(3' -Dime thoxybenzyl)-2-methyl-1,2 ,3 »^-tetrahydr o iso quinoline (120)
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A-50. 2,3-Di®ethoxy-N-(2',6*-dichlorobenzyl)pavinane (131)
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A-52. 1-Benzyl-2-indanonoxime
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B-22. 3f4-Dihydro-3,4-dibenzyl-6-methyl-l,3i2H-benzoxazinium Bromide (79)«
OH
CH,
4,0 3,0 . 2.0 1.0 PPtf*
■ 1 !■ I ilB ■  ■ ifl m AwJ»i««f«B IJ II !%■■!■%■  — *1 » I ^ l>
B-23. 2-(Benzylaminomethyl)-*f-methylphenol (77)•
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8-25* 3»3-Dimethyl-6-methoxy[4H]-l-oxa-3-azonia-2-boratanaphthalene (85)•
H
C H ,0
3.05.0
B -2 6 . 3 -B e n z y l-3 -m e th y l-6 -m e th o x y [> H ]- l-o x a -3 -a z o n ia -2 -b o ra ta n a p h th a le n e  (8 6 )
19^
V-
s■o-Q.
O
00
o
o'
!7
1
o
o
iri‘
o
CO-
O
f**
+»
cd
u
0 
£>1
CM
dl•Ha0N<d1
i
01H
I
I— I
K
3-
0
Si
•p
0)a
1VO
I
£
+»
§
0
A
p<
Iax
I
l
s
■p
0s
ioi
o
xi CMI
m
NCH
CH,
CH3l
3.07.0 5.00
X XXX X
B-28. 3-Benzyl-3,6-dimeth y l [4 H ] - l -o x a -3 -a z o n ia -2 - t io r a ta n a p h th a le n e  ( 8 8 ) .
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B-31. l-(3'»V-Dime"thoxybenzyl)-2-methylisoquinolinium Iodide (112).
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